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Novice science teachers struggle to incorporate reform-based perspectives of teaching and 
learning into their planning and instruction. Some argue that this is due to a mismatch between 
teachers’ beliefs and the goals of reform. However, it is widely recognized that the relationship 
between teachers’ beliefs and science teaching is tenuous at best. Previous attempts to understand 
the mismatch between preservice teachers’ espoused beliefs and their classroom practices draw 
upon models of teacher cognition that consider beliefs and knowledge as the main drivers of 
their actions. In this study I use a goal-driven model of science teacher cognition as my 
theoretical framework. This model posits that classroom practices are an attempt to achieve 
particular goals. Based on this model, I conducted a cross-case analysis using qualitative 
methods to examine the relationship between teachers’ beliefs, knowledge, and goals and the 
types of learning opportunities they design. Data were collected through participant interviews 
and document analysis. Findings are consistent with the theoretical premises of this model, 
suggesting that the goals teachers pursue are influenced by their beliefs about teaching and 
learning science, together with the contextual characteristics of their placement. Findings suggest 
that the design and enactment of high cognitive demand learning tasks is facilitated by several 
factors. First, preservice teachers need to operationalize their beliefs into learning goals for their 
students, including explicit epistemic goals that seek to engage students in the use of science 
practices to make sense of disciplinary ideas. Second, in order to achieve their goals, preservice 
science teachers need to learn how to design scaffolds that bridge students’ classroom practices 
with the practices of the discipline to make sense of scientific ideas. Finally, the goals of the 
teacher education program, the school, and the personal goals that preservice teachers aim to 
pursue may conflict; whether and how they solve these conflicts influence the cognitive demand 
of the tasks they design. This study suggests that helping student teachers develop and pursuing 
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Chapter 1 
Over the past two decades, one of the recurrent problems that researchers and science 
teacher educators have faced is the discrepancy between teachers’ self-reported pedagogical 
orientations and the instructional tasks that they design to help their students think and reason 
(Bryan, 2012; Powell & Anderson, 2002). That is, although teachers espouse pedagogical beliefs 
that are in alignment with reform efforts, the instructional tasks that they design usually focus on 
verifying knowledge or following procedures, lacking the cognitive demand required to support 
students’ thinking as envisioned by teacher educators and researchers (Hill et al., 2008). This gap 
between reform ideals and everyday classroom practices persists despite the refinement of 
theories of learning and teaching, and the empirical evidence that supports effective teaching 
practices (Kennedy, 2005). 
Policymakers and practitioners alike increasingly regard clinical experiences as the most 
important component of preservice teacher preparation (Anderson & Stillman, 2013b; Darling-
Hammond & Bransford, 2005; National Council on Teacher Quality, 2017).  Ronfeldt, Reininger, 
and Kwok (2013), for example, describe how the characteristics of field experiences (e.g., more 
autonomy over instructional decisions, high quality cooperating teachers) were the best 
predictors of preservice teachers’ pedagogical approaches and teacher efficacy as they began 
their careers. This and other studies suggest that the systematic design of teacher preparation 
programs is an effective approach to best improve the quality of teaching in large (Anderson & 
Stillman, 2013; Ronfeldt et al., 2013).  
At the same time, there is mounting evidence suggesting that once prospective preservice 
teachers exit their teacher preparation programs, they have difficulties for making instructional 
decisions through theory-guided action; they struggle to implement pedagogical practices that 
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are important to reform (Rust, 2009; van Es & Sherin, 2002). Despite the contradicting findings, 
it is generally accepted that in order to better understand the professional development of 
preservice teachers, researchers should pay especial attention to the experiences of preservice 
teachers during the student teaching semester (Ronfeldt et al., 2013). 
Statement of Problem and Need for This Study 
The challenge for preservice teachers to integrate reform-based perspectives of teaching 
and learning into their planning and instruction is a formidable one; this continues to be one of 
the most persistent problems in education (Crawford, 2007). Some have argued that the 
difficulties of changing teaching practices are due to a lack of alignment between teachers’ 
beliefs about inquiry-based teaching and learning and the goals of reform (Hill et al., 2008; 
Powell & Anderson, 2002). However, despite the growing number of studies on teachers’ beliefs, 
the relationship between beliefs and science teaching is tenuous at best. According to Forbes and 
Davis (2009), “even when teachers’ espoused beliefs about science teaching are aligned with 
those promoted in science education reform, teachers may still face obstacles to actually 
translating them into practice” (p. 366).  
Previous attempts to make sense of this contradiction between teachers’ beliefs and 
science teaching draw upon models of teacher cognition that consider teachers’ beliefs and 
knowledge as the main drivers of their actions (Hutner & Markman, 2017). However, these 
studies assume, tacitly or not, a direct relationship between teacher beliefs and knowledge, and 
their classroom practices. Recently, Hutner and Markman (2017) proposed a goal-driven model 
of science teacher cognition that provides an alternative way to better understand teacher 
instructional decisions and practices. Different to previous models which have treated teachers’ 
goals as subset of beliefs or knowledge, this model considers the “goals of a teacher as 
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fundamental components of cognition leading to classroom practice” (p. 714). Similar to 
previous models of science teacher cognition, this model considers that teachers’ knowledge and 
beliefs, along with the sociocultural characteristics of the context in which they teach influence 
their classroom practices. However, instead of assuming that teachers’ practices reflect their 
beliefs, the premise of this model is that classroom practices are an attempt to achieve particular 
goals.  
There is a growing body of research that has explored the role of beliefs and knowledge 
in preservice teachers’ practices. Several studies have shown, for instance, that preservice 
teachers’ practices are influenced by a plethora of factors, including the pedagogical orientations 
of their cooperating teachers, school context, subject matter, academic requirements, student 
population, self-confidence, among others (Crawford, 2007; Smith & Southerland, 2007). 
However, little is known about the influence of the goals that preservice teachers pursue on their 
teaching practices.  
This study aims to address this gap in the literature through examining the connection 
between preservice teachers’ goals, beliefs, and practices. Similar to other researchers, I argue 
that an alternative way to investigate teachers’ understandings of learning and teaching science is 
by examining the opportunities they provide to their students to think and reason. More 
specifically, this study seeks to understand the influence of preservice teachers’ goals, beliefs, 
and knowledge on the cognitive demand of the learning tasks that they design.  
Any effort to help preservice teachers learn reform-oriented pedagogical practices has to 
start from our knowledge of their goals and beliefs about engaging students in the use of 
different concepts and science practices (Sandoval, Kawasaki, Cournoyer, & Rodriguez, 2016). 
Findings from this study can provide insights that better explain the relationship between teacher 
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cognition and behavior. Moreover, these findings can guide science teacher education programs 
in helping teachers develop a set of productive pedagogical goals that can foster authentic 
student participation in the science classroom. 
Research Questions 
In order to address my research interest around the influence of preservice teachers’ 
goals, beliefs, and knowledge in the learning opportunities they design, I break down this 
overarching interest into several research questions. In this study, I ask the following questions:  
1. What are the mediating, goal and environmental representations of preservice teachers as 
they plan for and reflect on their student teaching semester? 
2. What are the mediating, goal, and environmental representations of preservice teachers as 
they plan for and reflect on their learning tasks? 
3. What is the cognitive demand of the academic tasks designed by preservice teachers? 
4. What is the relationship between the mediating, environmental and goal representations 
of preservice teachers and the cognitive demand of the tasks designed by them? 
Organization of the Document 
Six chapters follow this Introduction. Chapter 2 presents an overview of previous 
conceptualizations of teacher cognition, highlighting the limitations of these models to explain 
the relationship between teachers’ knowledge and beliefs with their classroom practices. I then 
present a goal-driven model that defines the role of mediating, environmental, and goal 
representations. Based on this review, I then present my theoretical frameworks that focus on the 
connection between the mental representations of teachers and the cognitive demand of the tasks 
they design. 
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Chapter 3 provides a summary of the rationale for selecting the methods used to collect, 
analyze and interpret the data gathered in this study. In addition, I describe the setting where this 
study was conducted and the rationale behind the selection of the three student teachers who 
were the focus of this investigation. I also discuss issues of validity, rigor, trustworthiness, and 
how I addressed different ethical considerations and limitations as I planned and conducted this 
study. 
Chapters 4, 5, and 6 present the findings to the research questions. I provide a descriptive 
single case followed by an analysis for each student teacher. In each description, I focus on the 
mediating, goal and environmental representations expressed by preservice teachers through 
their student teaching semester and guiding the way they designed academic tasks. The analysis 
explores the relationship between the cognitive demand of the academic tasks designed by the 
participants and their expressed mental representations. 
In Chapter 7 I discuss these findings by exploring why preservice teachers act in certain 
ways, and how their actions influence the kinds of learning opportunities that they design for 
their students. This chapter also discusses the implications and the main conclusions from this 
study. 
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 Chapter 2: Literature Review 
My purpose in reviewing the literature is twofold. First, I begin with an overview of 
teachers’ beliefs and knowledge, two theoretical constructs that are central to research focused on 
the relationships between teacher cognition and their classroom practices. Second, I explore the 
limitations of these constructs, highlighting the need of a model of cognition that includes the 
goals of a science teacher as a central element of cognition driving classroom practice. 
Teacher Knowledge and Beliefs 
 There is a growing body of research on the relationship between teachers’ knowledge 
and beliefs and the learning opportunities they design in their classrooms. Science teachers’ 
beliefs and knowledge influence what they do in the classroom, from the way they interpret the 
curriculum, whether they teach science as inquiry, to the assessments they use (Crawford, 2007; 
Jones & Leagon, 2014; Roehrig, Kruse, & Kern, 2007). Knowledge of subject matter and 
pedagogy also influence whether and how teachers respond to students learning needs and 
inquiries. Although both have been important constructs to study teacher cognition and behavior, 
researchers still disagree on how to define and operationalize them (Crawford, 2007; Forbes & 
Davis, 2010; Hutner & Markman, 2017). 
Over the past two decades, one of the recurrent problems that researchers and science 
teacher educators have faced is the discrepancy between teachers’ self-reported pedagogical 
orientations and the instructional tasks that they design to help their students think and reason. 
That is, although teachers espouse pedagogical beliefs that are in alignment with reform efforts, 
the instructional tasks that they design usually focus on verifying knowledge or following a 
procedure, lacking the cognitive demand required to support students’ thinking as envisioned by 
teacher educators and researchers (Roth et al. 2006). Previous attempts to make sense of this 
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contradiction between pedagogical orientations and behavior draw upon models of teacher 
cognition that consider teachers’ beliefs and knowledge as the main drivers of their actions. 
While my aim is not to propose a resolution to these challenges, it is important that I articulate 
the theoretical stance that I take on the nature of teachers’ beliefs and knowledge, and their 
influence on teachers’ pedagogical practices. 
Beliefs. Although different authors recognize the difficulty of defining beliefs (Crawford, 
2007; Forbes & Davis, 2010; Hutner & Markman, 2016; Nespor, 1987; Pajares, 1992),  in 
general, beliefs have been defined as personal cognitive constructs about the world accepted as 
true, regardless of the absence or existence of evidentiary support (Pajares, 1992). Beliefs are 
considered to be teachers’ assumptions regarding students, learning, school, and subject matter. 
This construct has not been used consistently, with some researchers including attitudes, values, 
judgments, axioms, opinions, ideology, perceptions, conceptions, conceptual systems, 
preconceptions, dispositions, implicit theories, explicit theories, personal principles, 
perspectives, repertoires of understanding, and social strategies (Kagan, 1992; Pajares, 1992).  
In general, beliefs do not exist in isolation but within interconnected networks (Bryan, 
2003; Pajares, 1992; Verjovsky & Waldegg, 2005). These networks of beliefs are often referred 
to as belief systems. There are thee important elements that characterize belief systems. First, 
beliefs that belong to the same network might depend on other beliefs for their meaning, 
including beliefs that are not concerned to teaching and learning, such as the personal, episodic, 
and emotional experiences of the teacher (Bryan, 2003; Pajares, 1992). Second, and as a result of 
the interconnectedness within a belief system, beliefs are relatively static and resistant to change 
(Mansour, 2009); when they change, it is not as a result of reason or argument but rather as a 
‘conversion or gestalt shift’ (Nespor, 1987). In other words, for teachers to reconsider one belief 
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they hold, it may be necessary to reconsider other beliefs that are part of the same belief system 
(Pajares, 1992). Third, within a belief system, some beliefs are more central and resistant to 
change. According to different authors, the more central a belief, the more difficult it is to change 
(Bryan, 2003; Mansour, 2009).  
Teachers’ beliefs work as filters to new information and influence the way they translate 
pedagogical ideas into practice (Kagan, 1992). For instance, the beliefs that teachers hold 
influence how they respond to particular policies intended to change teachers’ practices (Penuel, 
Fishman, & Gallagher, 2009). In a study conducted by Li, Klahr, and Siler (2006), for example, 
some teachers would not use curricular materials if they believed that the curricular activities 
were not going to prepare students to do well on standardized tests for which schools were held 
accountable. There is a growing consensus that policies intended to effect systemic change will 
only succeed if there is an alignment among standards, curriculum, assessments, and professional 
development that focuses in affecting teachers’ beliefs about teaching and learning (Penuel et al., 
2009).  
Research suggests that the effectiveness of reform efforts intended to help science 
teachers develop reform-supported pedagogical practices largely depends on whether teachers 
can shift their beliefs of what it means to teach and to learn science (Powell & Anderson, 2002; 
Roehrig et al., 2007). Different authors suggest that beliefs have a significant influence in 
teacher’s daily practices. Pajares (1992), for example, argued that few would disagree that “the 
beliefs teachers hold influence their perceptions and judgments, which, in turn, affect their 
behavior in the classroom, or that understanding the beliefs structures of teachers and teacher 
candidates is essential to improving their professional preparations and teacher practices” (p. 
307). According to Keys and Bryan (2001), teachers’ beliefs influence virtually every aspect of 
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teaching, including knowledge acquisition and interpretation, defining and selecting academic 
tasks, and choices of assessment.  
Although several studies have suggested that beliefs play an important role in the way 
teachers enact science instruction in their classrooms, the evidence is still inconclusive (Lebak, 
2015). A common finding in the science education literature, for instance, is that teachers who 
espouse beliefs aligned with those advocated by reform-oriented programs do not necessarily 
teach in ways that are coherent with these beliefs. In other words, there seems to be a persistent 
misalignment between beliefs and practices, which suggests that there are other constructs, 
besides beliefs, that influence practice.  
Three decades ago, Pintrich (1990) argued that beliefs would become the most valuable 
psychological construct to investigate teacher development and learning. However, much of what 
teachers believe about their practice is tacit or difficult to elicit: it is often the case that teachers 
may be reticent to express their beliefs or have difficulties describing them (Kagan, 1992; 
Pajares, 1992; Southerland, Sinatra, & Matthews, 2001). Besides methodological limitations, 
according to Hutner and Markman (2016), several constructs used to investigate the relationship 
between beliefs and practices do not explain the mechanisms through which beliefs influence 
cognition and action. That is, “the field is lacking an operational definition of beliefs” (p. 676). 
Knowledge. The study of science teacher knowledge has shifted over the past 50 years, 
reflecting the evolving understandings about teacher learning and teacher practice (Abell, 2007). 
According to Cochran-Smith and Lytle (1999), efforts to improve education have been based on 
the assumption that “teachers who know more teach better” (p. 249). In the following paragraphs 
I do not question this assumption. Rather, I review one of the central models of teacher 
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knowledge that has served as the theoretical foundations for research on science teacher 
education. 
Pedagogical content knowledge. Three decades ago, Shulman (1987) developed a model 
for understanding the specialized knowledge base for teaching that distinguishes the content 
specialist from the pedagogue. One of the central elements of this model was the pedagogical 
content knowledge (PCK), a unique knowledge base that allows the teacher to transform and 
organize specific subject matter into learning activities adapted to the diverse interests and 
abilities of students. As described by Shulman, PCK is: 
that special amalgam of content and pedagogy that is uniquely the province of 
teachers, their own special form of professional understanding” …It represents the 
blending of content and pedagogy into an understanding of how particular topics, 
problems, or issues are organized, represented, and adapted to the diverse interests and 
abilities of learners, and presented for instruction. (p. 8)   
According to Shulman (1987), PCK is shaped by what the teachers knows about the 
subject matter knowledge, their general pedagogical knowledge, and the knowledge of the 
context in which they teach. In relation to subject matter knowledge, Shulman argued that the 
teacher:  
must understand the structures of subject matter, the principles of conceptual 
organization, and the principles of inquiry that help answer two kinds of questions in 
each field: What are the important ideas and skills in this domain? And How are new 
ideas added and deficient ones dropped by those who produce knowledge in this area? 
That is, what are the rules and procedures of good scholarship or inquiry? (p. 9) 
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Different studies have shown that teachers with weak content knowledge tend to 
emphasize the use of procedures, dominate classroom talk, ask few open-ended questions, and 
rarely engage students in academic activities of high cognitive demand (Loewenberg, Thames, & 
Phelps, 2008; Sanders, Borko, & Lockard, 1993). For example, Sanders, Borko, and Lockard 
(1993) observed three secondary science teachers teaching courses in which they were certified 
and non-certified. Although the teachers would use similar general pedagogical knowledge for 
both types of courses, the way they planned and enacted their lessons varied. When teaching 
courses outside their area of expertise, teachers planned lessons where they dominated the 
discussion and often struggled to foster discussions with students. In this regard, there is 
evidence that teacher-centered classrooms where there the teacher dominate both, discourse and 
questioning, constrain students’ reasoning processes, their contribution to the sense-making 
processes, and the development of argumentative skills (Even, 1993; Forbes & Davis, 2010; 
Lemke, 1990).   
Perhaps more important than higher levels of teacher subject matter knowledge is 
knowledge about of the “big ideas” of science (Windschitl, Thompson, Braaten, & Stroupe, 
2012). Beginning teachers have difficulties organizing and adapting existing curricula into 
disciplinary ideas; they struggle to identify disciplinary ideas complex enough to design 
academic tasks of high cognitive demand that engage students in science discussions. These core 
ideas are defined by Windschitl and coworkers (2012) as the “substantive relationships between 
concepts in the form of scientific models that help learners understand, explain, and predict a 
variety of important phenomena in the natural world” (p. 888). According to these authors, 
preservice teachers need support organizing and adapting instruction around these central 
disciplinary ideas. 
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According to Shulman’s previous definition of PCK, teachers need to understand how 
scientific knowledge is constructed. It is widely accepted that teachers need a functional 
understanding of the nature of science (NOS) and of scientific activity. Gess-Newsome (2002) 
defined the NOS as “the epistemological underpinnings of science and includes characteristics 
such as empirically-based, tentative, subjective, creative, unified, and cultural and socially 
embedded” (p. 55). Moreover, Duschl and coworkers (2007) argue that science teachers need to 
understand that scientific knowledge is not the mere result of applying domain-general forms of 
scientific reasoning. Instead, they need to understand that theory development and reasoning are 
embedded within a larger ensemble that includes the practices and norms that communities of 
practice develop to construct and criticize knowledge claims (Latour, 1987), together with the 
tools to manipulate the natural world (Pickering, 1995), the technologies that support intellectual 
work, and the inscriptions that allow scientists to simplify and share their findings to others. As a 
result, the way teachers understand scientific inquiry will influence their understandings about 
NOS, and vice versa.  
Different studies suggest that these social, material, epistemic, and conceptual dimensions 
do not operate in isolation but render their meaning from the other three (Knorr-Cetina, 1999; 
Latour, 1987; Latour & Woolgar, 1979). That is, the way teachers understand one dimension can 
influence the way they understand the others, and how they connect them, or not, during 
instruction. For example, Sadler (2006) sought to help a group of preservice teachers understand 
the role of argumentation in scientific inquiry and learning science. These novice teachers, to the 
extent that they supported the use of argumentation in the science classroom, viewed 
argumentation as a useful classroom strategy to deliver content but not as an important skill that 
students should learn. This study suggests that preservice teachers favor the conceptual over the 
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epistemic and social perspectives for science teaching and learning. Sandoval and coworkers 
(2016) suggest that teachers who focus on the conceptual dimension seem to misunderstand the 
epistemic basis of science.  
In the field of science education, Magnusson, Krajcik, and Borko (1999) adapted a model 
proposed by Grossman (1990)  to conceptualize PCK for science teaching consisting of five 
components: (a) orientations toward science teaching, (b) knowledge and beliefs about the 
curriculum, (c) knowledge and beliefs about students’ understanding of specific science topics, 
(d) knowledge and beliefs about assessment in science, and (e) knowledge and beliefs about 
instructional strategies. For the purpose of this study, it is important that I describe in more detail 
the orientations toward science teaching component, as it is related to the learning goals that 
teachers pursue in their classrooms. Magnusson and coworker’s described orientations toward 
teaching with respect to two elements, the goals of teaching science and the characteristic of 
instruction from a teacher with a particular orientation. What is important about this component 
is that “it is not the use of a particular strategy but the purpose of employing it that distinguishes 
a teacher’s orientation to teaching science” (Magnusson et al., 1999, p. 97). Thus, although two 
teachers might decide to teach the same activity, the goal that they set for that activity will 
influence how they plan it and enact it. By the time Magnusson and collaborators proposed this 
model, there was little empirical evidence directly evaluating the connection between teachers’ 
orientations and teacher practices. 
In addition, Magnusson and collaborators (1999) included within the Knowledge of 
Science Curriculum component of PCK a category called “Knowledge of goals and objectives”. 
This included teachers’ knowledge of the goals and objectives for students in science according 
to national or state level documents, and knowledge of the earning trajectory of students. This is 
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a marked difference with the model conceived by Shulman, where curriculum knowledge was 
considered a separate knowledge base for teaching from PCK. Moreover, in Shulman’s model, 
knowledge about the ends, goals and values was an additional knowledge base apart from PCK, 
which was originally focused on subject matter-pedagogical knowledge. This is important for the 
purpose of my study because in Magnusson and coworkers’ model, goals are treated as a 
component of PCK, whereas in Shulman’s model, goals are treated as their own form of 
knowledge. Nevertheless, both models consider teachers’ goals as a form of knowledge, and not 
as their own form of mental representation. As I discuss later, this has important implications for 
the study of teachers’ beliefs, knowledge and practices.  
Limitations of PCK. PCK as originally conceived had several limitations. In this section, I 
will focus on two limitations that are relevant to this study. First, initial conceptualizations of 
PCK did not attend to the role of action in teaching practice. Part of the problem of practice in 
the teaching profession resides in the difficulties that teachers have for making instructional 
decisions through theory-guided action (Rust, 2009). In the field of science education, this 
problem is reflected in our struggles to bridge theory and practice as we try to bring closer the 
decisions that teachers need to make in their unique classrooms with a research-based shared 
vision of teaching and learning (Windschitl & Calabrese Barton, 2016).  
The original conceptualization of PCK emphasized general bodies of knowledge that 
teachers drew on to inform their classroom practice. However, studies on teachers’ PCK and their 
classroom practices revealed a mismatch between what teachers knew and what they were able 
to do (Abell, 2007; Davis, Petish, & Smithey, 2006). Similar to studies about teachers’ beliefs, 
studies about PCK demonstrated that just knowing pedagogical principles and approaches does 
not translate into effective classroom practices (e.g., McNeill, Gonzáles-Howeard, Katsh-Singer, 
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& Loper, 2016). Thus, it has become evident that a set of skills needs to be integrated into this 
model (Gess-Newsome, 2015).  
Second, early definitions of PCK payed little attention the sociocultural context in which 
teaching and learning takes place (Shulman, 2015). There is a general recognition now that PCK 
gains its power not only on the body of research that supports the general knowledge bases that 
support it, but from its contextualization into particular settings (Gess-Newsome, 2015). When 
teachers design learning tasks, multiple experiences, ways of seeing the world, ways of knowing, 
language practices, and diverse meaning making practices  interact in the classroom (Rosebery, 
Ogonowski, DiSchino, & Warren, 2010; Windschitl & Calabrese Barton, 2016). Teachers need to 
“recognize students’ ideas, experiences, and the cultural resources they bring to learning, identify 
how students’ resources potentially connect with the knowledge, and develop pedagogical 
strategies based on that understanding” (Windschitl & Calabrese Barton, 2016). This requires 
that  
Several studies highlight the important role of the teacher in creating learning 
opportunities that use students’ sociocultural practices as intellectual resources to learn 
disciplinary practices and discourse. According to Mensah (2011), teachers need to develop a 
language that allows them to engage students in learning activities where learners develop the 
conceptual understandings, scientific skills, and scientific discourse while creating personal 
connections with the discipline. Moreover, Rosebery and collaborators (2010) describe how 
children from diverse cultural groups learned in a classroom where they could bring the multiple 
ways they saw the world and how they teacher leveraged students’ ideas and understandings in 
close proximity with scientific ideas. The authors highlight how students’ creation and use of 
linguistic innovations such as “the hotness” or “body heat” reflected the transformation of their 
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everyday language into scientific vocabulary with personal and disciplinary meaning.  Here the 
teacher, who had instructional support from the researchers, invited students’ everyday ideas and 
ways of talking as resources for understanding central disciplinary concepts.  
In sum, the constructs of knowledge and beliefs have helped us to partially understand 
the relationship between teacher cognition and classroom practices. However, these constructs 
have had empirical and theoretical limitations reflected in the difficulties to investigate and 
understand this relationship. In the following section, I provide an overview of the difficulties to 
differentiate these constructs. 
Difficulties to untangle knowledge and beliefs. The definitions of beliefs and 
knowledge are abundant in the philosophical and psychological literatures. For example, 
according to Richardson (1996), “knowledge depends on a “truth condition” that suggests that a 
proposition is agreed on as being true by a community of people” (p. 104). From this 
perspective, knowledge resides outside the individual and is considered as a body of information 
that gains its epistemic stance from the existence of socially accepted evidence that supports it. 
This same author describes a belief as “a proposition that is accepted as true by the individual 
holding the belief. It is a psychological concept and differs from knowledge, which implies 
epistemic warrant” (p. 104). Similarly, Pajares (1992) argues that beliefs are based on evaluation 
and judgment whereas knowledge is based on objective fact. In general, philosophical accounts 
of knowledge have focused on the development of theories and definitions of what counts as 
evidence, and the conditions required to consider beliefs as knowledge (Southerland et al., 2001).  
In contrast to philosophers, educational and social psychologists have tried to 
operationally define knowledge and beliefs, and have studied the development of these 
constructs and their influence on learning and behavior (Southerland et al., 2001). Additionally, 
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educational psychologists have explored the influence of physical, sociocultural, and historical 
elements in the construction of knowledge. These perspectives recognize the important role that 
the context plays in cognition. According to Putnam and Borko (2000), the social and physical 
contexts in which a person learns a set of concepts and skills are a central part in what is learned. 
Thus, from this perspective, cognition is part of a sociohistorical process; culture is the result of a 
human cognitive process that takes place not only in the heads of individuals but distributed 
across the social and physical components and characteristics of the place. This means that to 
better understand the connections between teachers’ cognition and actions, we need to consider 
the context in which they learn how to teach.  
Despite these important insights, the research focus of educational psychology has 
centered on knowledge, and the field has struggled to define how knowledge and belief differ 
from each other empirically and theoretically. In summarizing their paper, Murphy and Mason 
(2006) argued that “most educational psychology researchers seem to avoid differentiating 
between knowledge and beliefs by either using the terms interchangeably or by only referring to 
knowledge or beliefs” (p. 306, emphasis in original). In this way, the relationships among these 
constructs are still unclear. As stated by Southerland and coworkers (2001), “distinctions 
between knowledge and belief, complete and confusing at the theoretical level, seem to become 
hopelessly blurred at the empirical level” (p. 348).  
Others have tried to differentiate knowledge and beliefs from a psychological 
perspective. Gess-Newsome (1999), for instance, defined knowledge as “evidential, dynamic, 
emotionally-neutral, internally structured, and develops with age and experience” (p. 55). 
Alternatively, this same author defines beliefs as “both evidential and non-evidential, static, 
emotionally-bound, organized into systems, and develop episodically” (p. 55). From this 
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perspective, knowledge is thought be the product of rational deliberation whereas belief is 
considered to have an important affective component. Nevertheless, both philosophers and social 
psychologists have criticized distinctions between knowledge and beliefs based on affect. 
According to Pintrich, Marx, and Boyle (1993), relating knowledge to rational processes void of 
affective influences fails to acknowledge the role that personal and motivational processes play 
in learning. In fact, the affective nature of knowledge is one of the central elements of influential 
theories of learning such as conceptual change.   
The previous definition of knowledge and beliefs also highlights the difficulties that 
teacher education researchers have had in delineating these constructs. Research on teacher 
education has focused on the relationships between classroom practices and how teachers think 
about their work (Crawford, 2007; Gess-Newsome, 1999). From this perspective, what a teacher 
knows of her or his practice is highly subjective and thus, it can be argued that teachers’ 
professional knowledge should be considered as beliefs, since “knowledge is generally regarded 
as belief that has been affirmed as true on the basis of objective proof or consensus of opinion” 
(Kagan, 1992, p. 73). However, because teacher thinking can have a significant empirical 
component, it can be considered knowledge (Southerland et al., 2001).  
Different teacher education researchers agree that beliefs about teaching and learning are 
entangled with the knowledge that teachers have of their discipline as well as how they 
understand instruction (Cobern, 2004; Crawford, 2007; Gess-Newsome, 1999; Smith & 
Southerland, 2007). Crawford (2007), for example, argues that beliefs and knowledge are 
entangled because “what one believes about teaching necessarily hinges to a large extent, on 
one’s knowledge of his or her practice, as well as on one’s beliefs about how children learn” (p. 
616). According to Forbes and Skamp (2016), because knowledge claims are grounded in beliefs, 
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knowledge cannot exist without beliefs. The recognition by teacher education researchers that 
knowledge and beliefs are entangled, does not mean that for them, both are the same construct. 
Instead, recognizing the difficulties to distinguish knowledge from beliefs empirically, teacher 
education researchers have opted to study the role that these constructs might have in the 
practices of teachers instead of focusing on the unique role that these constructs have.  
Social and Physical Context 
As discussed before, teachers’ knowledge and beliefs are situated in the context in which 
they enact their practice. Here I focus on the immediate context of the teacher, that is, the 
classroom setting, the physical resources available, and the social structure of it. There are four 
kinds of elements that may be included in a learning environment: tools and materials, 
participant structures, task structures, and discursive practices. Teachers design learning tasks 
where two or more of these elements interact, in one way or another, with each other (Sandoval, 
2014). These elements also provide teachers with information that can help them choose among 
different goals, to evaluate the feasibility of achieving particular goals, or to consider the types of 
scaffolds that they design in order to help students achieve a learning goal (Hutner & Markman, 
2017).  
Tools and materials. These include the curriculum that the teacher follows, the tools 
(e.g., a written scaffold, online resources) and materials that they use during an activity, and the 
artifacts that students construct with the tools and materials. Here I describe the ways in which 
tools and materials provide information that teachers can use when planning and reflecting on 
their learning tasks.  
Curriculum materials. In this study, I consider curriculum materials as represented in the 
form of curriculum frameworks or state standards; curricular programs (ranging from one year 
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programs to single units); text books, accompanying teacher’s guides; professional publications 
centered on curriculum and pedagogy (Forbes & Davis, 2010; Grossman & Thompson, 2008). 
Preservice teachers rely heavily on curriculum materials such as text books; curriculum materials 
provide a significant part of the content and pedagogical content knowledge that teachers need to 
plan and enact meaningful learning experiences (Kesidou & Roseman, 2002). However, Project 
2061’s review of middle school curriculum materials concluded that none of these programs 
focused on key ideas. Instead, curriculum materials centered on peripheral concepts that were not 
linked to a central phenomenon. The instructional strategies suggested by these materials did not 
support the understanding of these ideas. Moreover, these materials did not provide explanations 
of natural phenomena, nor they built on students’ prior knowledge or targeted common 
misconceptions (Kesidou & Roseman, 2002).  
According to Brown (2009), “curriculum materials are means of communicating –
typically via text and diagrammatic representations– ideas and practices that make up classroom 
activity” (p. 21). Teachers might have access to different curricular materials, each one 
sometimes representing views and practices that “often articulate understandings of inquiry-
based science that are inconsistent with instructional frameworks advocated in science education 
reform” (Forbes & Davis, 2010, p. 821). Teachers bring their own pedagogical knowledge and 
beliefs to use and adapt curriculum materials in order to accomplish particular learning goals in 
response to the constraints and affordances of the context in which they work. However, 
teachers, specially novice teachers, have not developed the PCK that could help them choose or 
adapt curriculum materials that include reform oriented learning goals and pedagogical 
approaches to design learning tasks that support learners in authentic scientific practices 
(Krajcik, McNeill, & Reiser, 2008).  
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Artifacts. Artifacts are particularly important because they are representations of students’ 
actions and understandings. Moreover, how students use these tools and practices to construct 
additional artifacts reflects their understandings of the criteria and the goals of the activity 
(Engeström, 2015). From a sociocultural perspective, tools also include “inscriptions”, which are 
the models, diagrams, symbols and other forms of representations “that can be used for 
representing aspects of the world that are theoretically important” (Lehrer & Schauble, 2002, p. 
168).  
Models and modeling, for instance, are regarded as essential components of intellectual 
work. Models, however, are used for different purposes in the science classroom, and their use 
reflects what teachers believe about learning and instruction. Teachers believe, for example, that 
models are useful tools to represent an idea or to demonstrate an abstract concept (Cullin & 
Crawford, 2004, cited in Windschitl & Calabrese Barton, 2016). However, teachers rarely 
consider models as tools to make predictions about the kind of data that would be produced, or to 
evaluate theoretical hypothesis (Van Driel & Verloop, 2002). When teachers consider the use of 
models not as tools to revise ideas on the light of new evidence but as artifacts to demonstrate 
conceptual understanding, the use these models in the classroom focuses on the reproduction of 
canonical ideas disconnected from a knowledge building activity (Windschitl & Calabrese 
Barton, 2016). Moreover, classroom artifacts reflect how teachers understand the use of these 
tools to learn and participate in science, and the evidence that they consider reflects the learning 
goals that they pursue.  
Participant structure. This refers to the roles and responsibilities that teachers and 
students take part in during the learning activities. Variations in the participant structure place 
different participation demands on the teachers and the students. For example, Lemke (1990) 
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describes how a large portion of classroom talk is dominated by a triadic dialogue in the form of 
teacher-student-teacher. According to this author, the goal of this form of talk is to preserve the 
participant structure of the classroom where the teacher is regarded as the authority.  
Participant structures are part of a larger social and cultural system; students and teachers 
come to recognize what counts as the accomplishment of the lesson. That is, through the 
interactions and set of actions of the teacher and the students, participants in this setting come to 
understand what counts as doing the lesson (Bloome, Puro, & Theodorou, 1989). This helps to 
explain the difficulty that preservice teachers have when enacting their reform-oriented visions 
and practices in a traditional setting. Teachers, when enacting inquiry-based instruction, are 
breaking up with the set of actions and activities that are part of the routines of doing the lesson 
(Jimenez-Aleixandre, Rodriguez, & Duschl, 2000). As a result, it is possible that they face 
resistance from the students.  
Different studies show the importance of group work. However, group work is most productive 
when students’ interactions are mediated by social and epistemic goals (Ford, 2008; Ryu & 
Sandoval, 2012). When these norms are absent, students will not necessarily develop a deeper 
understanding of scientific practices (McNeill et al., 2016). For example, Berland and Hammer 
(2012) describe a classroom where “doing the lesson” was the expected behavior. In this setting, 
students focused their attention to following the teachers instructions rather than working to meet 
a knowledge construction goal. In contrast, (Ford, 2005) found that when students are assigned 
roles to construct arguments based on the evidence they collected and to critique arguments 
made by others, they improve their argumentative skills and their understanding of scientific 
ideas. McNeill and coworkers (2016) found that teachers with no experience with argumentation 
tend to assess students’ argumentation skills based on how they incorporate claims and evidence 
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in their arguments, rather than in how they were engaging in this practice to construct and 
transform knowledge claims. In sum, teachers need to better understand the way in which the 
social structure of the classroom, together with the learning goals they pursue, can facilitate or 
constrain the meaningful use of norms that can help students develop the dispositions, 
understandings and skills to evaluate what counts as knowledge in science (Duschl et al., 2007).  
Task structure. Similar to Doyle (1983), I consider academic tasks as classroom-based 
activities that define the content that students are supposed to learn and the strategies required to 
process and apply such content. Tasks include the products that students are expected to produce, 
the operations and processes used to generate these products (e.g., memorizing, classifying, 
inferring, analyzing), and the resources available to students while they are involved in the 
particular task. In the following section, I focus on the goals, criteria and procedures required to 
complete a task, and the connections of these criteria with teacher beliefs and knowledge.  
Goals of the task. Task structure refers to the goals, criteria, and procedures of the 
activities (Sandoval, 2014). This is an essential element of any learning environment. Teachers 
need to be able to use reason about students’ discursive practices, how they use and adapt 
different tools, the artifacts they construct, the way they interact with other students in order to 
identify students’ strengths and difficulties (McNeill et al., 2016). Depending on the activity, 
teachers use their knowledge and beliefs about their students conceptions about a particular 
topic, the learning goals for their students, the potential difficulties that students might have for 
achieving those learning goals, and the assessment formats that can provide evidence of students’ 
understanding of the learning goals (Park & Oliver, 2008).  
In authentic inquiry tasks, the goal is to develop and refine theoretical models about the 
natural world in light of new evidence (Giere, Bickle, & Mauldin, 2006). These models make use 
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of unobservable and theoretical entities, such as atoms, energy or forces. In contrast, the goal of 
most school tasks is to uncover observable patterns or structural features not for the development 
models and testing of hypothesis, but to confirm canonical ideas of science. As shown by Chinn 
and Malhotra (2002), “many scientific inquiry tasks given to students in schools do not reflect 
the core attributes of authentic scientific reasoning” (p. 175). Students are frequently engaged in 
practical activities to verify concepts, follow procedures, or explore a question without actual 
connections to the main ideas (Roth et al., 2006). The cognitive processes that students need to 
succeed in these kinds of tasks are qualitatively different than the processes that scientists use in 
their profession. For example, one of the importance of a participant structure where the 
overarching goal is to construct and critique knowledge claims is that it places “the higher skills 
of critique and evaluation at the center of teaching and learning science” (Osborne, 2014, p. 
183).  
The way teachers understand the relationship between the goals of scientific inquiry and 
learning scientific ideas influence the learning opportunities they design and thus, the types of 
understandings of scientific ideas and about science that students develop from them. According 
to Osborne (2014), many teachers conflate the goals of engaging in inquiry with the goals of 
laboratory work. The pedagogical goals of the former are to develop a deeper understanding of 
scientific ideas and about science, whereas the goals of the latter are to engage students in tasks, 
usually hands-on activities, to verify or illustrate a concept presented by the teacher. In a multi-
year professional development project conducted by Sandoval and coworkers (2016) intended to 
help in service teachers understand “foundational assumptions” underlying the NGSS, the 
authors concluded that “teachers’ goals for student learning are expressed at such a general level 
that it is difficult to relate them to science at all” (p. 742). In discussing the impact on the 
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teaching practices of participants, the authors concluded that the students of these teachers “were 
not engaged in [science] practices at all, but merely classroom activity potentially related to 
science practice…These teacher practices look like typical science teaching in American 
schools” (p. 742). Thus, this suggests that the goals that teachers have for engaging students in 
different learning tasks influence their pedagogical decisions.  
Criteria. Learning tasks include criteria that signal students what counts as an expected 
answer, response, and behavior (Doyle, 1983). Teachers differ in the criteria they use to evaluate 
students’ performance. The types of criteria that teachers use have a significant impact in the 
work of students. To mention again the study of McNeill and coworkers (2016), these authors 
found that novice teachers without pedagogical knowledge about argumentation focus on 
structural criteria, such as the inclusion of evidence, claim and reasoning, to evaluate the quality 
of students’ arguments. These criteria, according to these authors, do not foster a deeper 
understanding of the practice. Therefore, the criteria that teachers use reflect the understandings 
that they have in relation to the use of scientific practices to learn scientific ideas and to 
understand the construction ok knowledge.  
Teachers need to scaffold students’ use of criteria to participate in different science 
practices. Criterion-oriented scaffolds can focus on two different aspects of student work. One 
form of scaffolding is related to the example mentioned before, where teachers prompt students 
to focus on the structural aspect of the practice, such as the use of evidence, claim and reasoning 
(McNeill, Lizotte, Krajcik, & Marx, 2006; Zohar & Nemet, 2002). This type of scaffolding has 
shown improvement in students’ conceptual understandings and in some cases, in the way they 
participate in these practices (Zohar & Nemet, 2002).   
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A second form of scaffolding is to structure student engagement. Different studies in 
argumentation highlight three levels of scaffolding. The first level is characterized by domain-
general criteria that signal students how to disagree or agree with ideas shared by others (Clark & 
Sampson, 2007). The second level are discipline specific norms and epistemic criteria that signal 
students what counts as a scientific claim, how to disagree with others, understanding that 
arguments contain causal claims, and how to make sense of disciplinary ideas. The third level are 
the ideas, practices and epistemic and social criteria that students appropriate as they work with 
others to make sense of a phenomenon (Manz, 2015; Ryu & Sandoval, 2012). There are few 
studies where teachers scaffolded students’ engagement on the second and third level. This is not 
surprising, considering the difficulty of helping students appropriate epistemic and social norms; 
the few studies available are of long duration. Although these studies do not explicitly make 
connections between teachers’ beliefs and PCK and the criteria they use to scaffold and evaluate 
students’ participation and performance, the teachers in these studies had more than 30 years of 
experience. Little is known about the criteria that preservice teachers use in their classroom to 
guide students’ participation. 
Procedure. This refers to the operations and processes (e.g., memorizing, classifying, 
inferring, analyzing) that students need in order to generate the expected outcome (Doyle, 1983). 
Different cognitive processes characterize each of these procedures. For example, memorization 
tasks require students to recall information, but not to understand the underlying principles of a 
discipline; these are low cognitive demand tasks because students do not need to make decisions 
about the interpretation, manipulation and transformation of information.  
According to Doyle (1983), the ambiguity of the task and the risk required to generate an 
answer are two important elements that influence the procedures that students can follow and the 
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cognitive demand of a particular learning activity. First, ambiguous tasks do not have an 
expected answer or a predetermined procedure that students can follow to complete the task. 
Therefore, they require students to use principles and tools as they make sense of the activity. 
Ambiguity is not the result of poor directions given by the teacher but an inherent feature of the 
learning task because students do not know what to do or how to do it (Doyle, 1983). Second, the 
risk of a learning task is defined by the evaluative criteria that the teacher uses and the likelihood 
that students can meet these criteria. For instance, a task where students have to memorize the 
elements of the periodic table is low on ambiguity since students already know what they need to 
recall. However, the risk for the students is high if completing this task successfully requires that 
they only make few mistakes.  
As discussed before, students are frequently engaged in practical activities to verify 
concepts, follow procedures, or explore a question without an actual connection to the main ideas 
(Roth et al., 2006). These tasks have no ambiguity since they specify students what to do. 
Students can complete these tasks successfully without having to make sense of the underlying 
ideas or principles, or without making connections between the activity and the concepts they are 
learning (Tekkumru-Kisa, Stein, & Schunn, 2014). Therefore, these tasks are low in cognitive 
demand as well. According to Tekkumru Kisa and Stein (2015), in order to create and enact high 
cognitive demand tasks, teachers need to pay attention to students’ sense making processes while 
scaffolding their participation in the different processes they need to succeed at the task.  
Discursive practices. According to Ford and Wargo (2012), the discourse practices and 
patterns of the classroom have “implications for the roles teachers and students play and as a 
result, for how students relate to the knowledge they are learning” (p. 373). For example, in the 
triadic (teacher-student-teacher) mentioned before, the teacher is in control of the talk, as 
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opposed to being distributed among students. In this triadic structure, the teacher’s role is 
evaluative while the students’ role is to find the expected answer, which is a characteristic of low 
cognitive demand tasks. Not surprisingly, changing the discursive practices of traditional 
classrooms to practices that reflect the construction, critique, and revision of knowledge that 
characterize scientific communities has been at the center of reform initiatives in the past 
decades.  
There is still limited research that focuses on teachers’ knowledge about the affordances 
and constrains that different discourse practices have for fostering science literacy in the 
classroom. However, existing studies in argumentation have shown that teachers have difficulties 
analyzing the structure of students’ arguments (McNeill & Knight, 2013); teachers also have 
difficulties and assessing and providing pedagogical support for students’ reasoning (McNeill & 
Knight, 2013). When asked to analyze dialogic interactions in the classroom, teachers tend to 
focus on domain general aspects, such as the use of encouraging words, rather than the analyze 
the structural or dialogic aspects of classroom discourse (McNeill & Knight, 2013).  
In the previous section, I have discussed different factors that influence teachers’ 
practices, including teachers’ beliefs and knowledge, and the social and physical characteristics 
of the context in which they teach. I discussed how the field has struggled to demonstrate that 
beliefs and knowledge are two different constructs (Hutner & Markman, 2017; Southerland et 
al., 2001). More important, perhaps, is that the efforts to better distinguish both constructs 
epistemologically have not translated into a better understanding of how the epistemic nature of 
both constructs influences the actual practices of teachers. In the following section, I describe in 
detail a model of teacher cognition that provides an operational definition of teachers’ beliefs, 
knowledge and goals. 
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A Goal-Driven Model of Teacher Cognition 
Recently, Hutner and Markman (2017) proposed a model of teacher cognition that 
defines beliefs and knowledge from the function that they play in cognition, rather than based on 
epistemological criteria used to differentiate beliefs from knowledge. This model of cognition is 
based on different postulates. First, information is stored in the brain via mental representations; 
representations are the formats used by the brain to store information (e.g., beliefs, knowledge, 
pedagogical approaches) (Markman, 1999; Markman & Dietrich, 2000). Second, not all the 
representations that a teacher holds will have an influence in his or her practices. Instead, only 
those representations that are active will have an influence on the cognitive processes of the 
teacher (Anderson, 1983). These processes act on the mental representations to produce 
cognitive outputs, such as pedagogical actions, new representations (e.g., a new belief) or 
thoughts that can lead to further cognitive processes (Markman, 1999).  
From this point of view, the distinction between knowledge and beliefs is less relevant 
than the fact that they play the same role in cognitive processes by mediating between the goals 
of a teacher and the cognitive processes and actions (Hutner & Markman, 2017). In this case, 
beliefs and knowledge can influence classroom instruction only when they are activated to take 
part in cognitive processes (Hutner & Markman, 2016, 2017). There are causal mechanisms that 
lead to the activation of a representation. First, a representation can have a cross-situational 
relevance (susceptible to being activated across contexts) when the stimulus (e.g., a classroom 
routine) that activates this representation is re-encountered, or because of the relevance of the 
representation to the teacher (Eitam & Higgins, 2010). For example, a teacher might use driving 
questions at the beginning of each unit because she beliefs they can serve to frame and drive a 
learning activity. Second, a representation can become active because is it relevant to a specific 
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situation or because it is related to other representations (Eitam & Higgins, 2010). For example, a 
teacher considering a unit on scientific argumentation might include a claim-evidence-reasoning 
handout because she thinks her students need scaffolding with this practice.  
According to Markman and Dietrich (2000), there are three types of mental 
representations, namely, goal representations, environmental representations, and mediating 
representations. A goal representation is a desired state by the person. The environmental 
representations provide information about the environment and about the person within that 
context. The mediating representations are states that contain information related to the goals that 
are worth pursuing, the feasibility of achieving those goals, and the necessary steps to achieve 
these goals. At any given moment, a cognitive process involves feedback loops where mediating 
states are used to compare environmental representations with the goal representations.  
According to this model, the activation of one representation will trigger the activation of 
related representations; a cognitive process will employ the goal, environmental, and mediating 
representations that are activated in a particular situation. As mentioned before, the result of this 
process could be a behavior, or the creation of a mediating representation, an essential outcome 
for learning. For example, a teacher might evaluate whether a student has developed 
sophisticated argumentative skills (goal representations) by comparing the written argument of 
the student (environmental representation) with his knowledge of what the elements of a strong 
scientific argument are (mediating representation). Based on this evaluation, the teacher might 
decide to provide the student additional scaffolding (new goal).  
Up until this point, I have not discussed which of these representations drive classroom 
practice. Previous models of teacher cognition have assumed that beliefs and knowledge are the 
main drivers of teachers’ pedagogical decisions. However, one of the central assumptions of the 
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model proposed by Hutner and Markman (2017), and a departure from previous models, is that 
cognition is goal-driven. According to Aarts and Elliot (2012), people’s behaviors, whether they 
are conscious or not, are a compensatory reaction to their goals. If the goal changes, people’s 
response will change because a different set of representations will be triggered. In relation to 
teacher’s beliefs and practices, this model suggests that “classroom practice is a response to 
goals that are active in cognition during planning and teaching” (Hutner & Markman, 2017, p. 
716). Beliefs, in the form of mediating representations, together with environmental states, 
provide information that is relevant to the pursuit and evaluation of pedagogical goals, and 
influence the activation of other representations that can help the teacher achieve his or her goals. 
Representations in a goal-oriented model. In the following paragraphs, I describe in 
more detail environmental representations, goal representations, and mediating representations. 
The goal of this description is to further explain the role that each of these representations plays 
in cognition, and how they are related with each other.  
Environmental representations. Teachers’ beliefs and practices are always situated in a 
particular context with unique sociocultural practices and resources that constrain or facilitate the 
application of the pedagogical approaches they learn during their training (Pajares, 1992). 
Therefore, it is essential to consider the context in which teaching takes place in order to 
understand the practices and beliefs of teachers. This model considers the context in which 
teachers are embedded via environmental representations. According to Hutner and Markman 
(2017), environmental representations, which correspond to the physical and social context, 
provide four types of information related to goal pursuit. First, they provide information that 
helps a teacher decide whether a goal is appropriate or not to pursue at a particular place and 
time. Second, contextual information helps a teacher evaluate the feasibility of a goal. Third, it 
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provides information related to affordances and constraints related to the attainment of a goal 
that are present in a current context. Finally, through environmental representations the teacher 
can conclude that the goal was attained or that it is possible to pursue a goal that has not been 
achieved.  
Classroom practices cannot be explained entirely by cognitive processes (Packer & 
Winne, 1995). Given that cognition is situated (Putnam & Borko, 2000), the physical and social 
context in which teachers are embedded will influence the cognitive processes that guide their 
practices. The physical context provides information through the curriculum, textbooks, 
classroom materials, the classroom setting, and so forth. The social context, such as student 
behavior, students’ discursive practices, or students’ grouping, will provide information that 
guides teachers’ decisions. This contextual information interacts with mediating representations 
that can help the teacher recognize, perceive and interpret different elements about the place. For 
example, a teacher knowledgeable about the discursive practices of the scientific community 
might perceive the lack of evidentiary support in the arguments that students try to defend during 
a public debate in the classroom. 
Environmental representations also provide information that helps a teacher assess goal 
progress. Teachers require the use of multiple strategies  at different points in time to monitor the 
achievement of a particular goal (Hutner & Markman, 2017). These strategies for the productive 
use of formative assessment help teachers gather information that they can use to change or 
adapt strategies to achieve a goal, to tune the goal to the current contextual constraints, to 
abandon the pursuit of a goal, or to prioritize one goal over another one (Talanquer, Bolger, & 
Tomanek, 2015). Thus, when considering the environmental representations that guide teachers 
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decisions, one needs to consider the “opportunities they design to gather evidence, collecting 
evidence, interpreting it, and acting on interpretations” (Bennett, 2011, p. 16).  
Although research and teacher preparation programs target teachers’ abilities to use 
formative assessment, much of the focus has gravitated towards the methods and strategies and 
less on the connection between observations of student learning and the interpretations that can 
be drawn from them (Bennett, 2011). This is an important gap to cover considering that teachers’ 
ability to productively act on information gathered from formative assessments depend on how 
they interpret students’ understandings (Talanquer et al., 2015).  
More recently, teachers’ ability to monitor student learning has been the focus of a 
significant body of work in science teacher education. For example,  Talanquer and coworkers 
(2015) found that teachers often focus on the description and evaluation of student work, rather 
than trying to make sense of student ideas. In a more recent study, Russ (2018) describes four 
types of attention used by teachers--attention to the content of the idea, attention to the form of 
the idea, attention to the production of the idea, and attention to the relationships within and 
across ideas. According to the author, each type of attention relies on particular conceptual, 
pedagogical and epistemological knowledge. For example, teachers who focus on the content of 
the idea “rely more on teachers’ conceptual and pedagogical knowledge than epistemological 
knowledge” (p. 109); teachers who attend to the relationships within and across students’ ideas 
draw on epistemological knowledge that helps them understand knowledge building activities 
that ask students to connect different ideas to make sense of a phenomenon. These findings 
suggest that the information teachers gather from their students and the way they respond are 
connected to their epistemic understandings.  
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Finally, environmental information provides information that the teacher can use to 
consider the feasibility of achieving a goal or enacting a pedagogical approach. Crawford (2007), 
for example, describes how preservice teachers became increasingly skeptical about the 
feasibility of enacting inquiry-based lessons. Among the environmental factors dissuading them 
to pursue reform-oriented practices, the preservice teachers mentioned their mentor teacher’s 
stance towards inquiry and the students’ reluctance to engage in new instructional approaches.  
Mediating representations. In the model proposed by Hutner and Markman (2017), 
mediating representations carry information which is used by the person in the pursue of 
particular goals. This information corresponds not only to things occurring in the present, but 
also things removed in space and time from the teacher. Mediating representations correspond to 
the physical and social environment (e.g., people, objects); fictitious entities; knowledge and 
facts (e.g., exothermic reactions release heat), beliefs (e.g., I belief all students can learn 
science); dispositions and identities, pedagogical orientations, epistemological understandings, 
among others. According to Markman and Dietrich (2000), “there is internal information used by 
systems (teachers, for example), that mediates between environmental information coming in 
and behavior going out” (p. 145).  
The idea of mediating representations is a tool for researchers because it overcomes the 
difficulties of differentiating knowledge from beliefs. This model, instead of defining 
epistemological distinctions between knowledge and beliefs, provides an operational definition 
of knowledge and beliefs and its relationship with teachers’ actions. According to Hutner and 
Markman (2017), mediating representations are involved in the: 
 (i) processes of choosing among goals stored in long-term memory; (ii) processes 
of choosing actions and the subsequent carrying-out of chosen actions in support of a 
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focal goal; and (iii) processes of perceiving external, contextual information (i.e., 
environmental states), and how it is linked to both the goals of the teacher and the 
behavior they exhibit in their role of teacher, both inside and outside the classroom. (p. 
719)  
Forbes and Davis (2010), for example, describe how teachers with a belief about the 
importance of using anchoring questions to foster student learning emphasized the use of how 
and why questions rather than descriptive questions. In this case, it is possible that active 
mediating presentations activate the related goal representations around driving questions.  In 
addition, Morrison and Lederman (2003) describe how teachers, despite recognizing the 
importance of diagnosing students’ preconceptions in the classroom, rarely used formal 
assessments to gather this information. The disconnection between teachers’ espoused beliefs 
and their use of assessments is of great concern considering that classroom assessment practices 
have a direct influence on student learning. As mentioned before, this model suggests that 
besides expressing reform-oriented mediating representations, teachers also need to pursue goals 
that align with their mediating representations.  
Goal representations. The conceptualization of goals within models of teacher cognition, 
similar to that of beliefs and knowledge, has lacked clarity. For example, in an often-cited article 
that conceptualized the nature and sources of the knowledge used by teachers, Shulman (1987) 
considered the goals that teachers have as part of their knowledge of “educational ends, 
purposes, and values” (p. 8). This type of knowledge guides teachers’ decisions that ultimately 
support individual achievement as wells as “more general ends involving equality of opportunity 
and equity among students of different backgrounds and cultures” (p. 15). In other words, goals 
have been treated as a type of knowledge and not as mental representations on their own.  
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The focus on beliefs and knowledge as the main drivers of teachers’ behavior has 
prevailed, in part, because cognition has been seen a robust model to better understand behavior 
(Aarts & Elliot, 2012). Nevertheless, “contemporary cognitive approaches to human behavior 
propose that a substantial component of action is directed by goals that reliably control and 
motivate the behavioral system in a dynamic world” (Aarts & Elliot, 2012, p. vii). According to 
this view, it is possible to better understand previous conflicting findings about teacher beliefs 
and practices if one considers that teacher instructional decisions are the response “to goals that 
are active in cognition during planning and teaching” (Hutner & Markman, 2017, p. 716). In this 
case, the knowledge and beliefs that a teacher holds will provide relevant information to the 
attainment of a particular goal and will influence the beliefs and knowledge that are further 
considered by the teacher. Therefore, although teachers might espouse reform-oriented beliefs, it 
is ultimately the goals they pursue the motivational structures (Markman & Dietrich, 2000) that 
guide teachers’ actions in the classroom.  
The goals that a preservice teacher wants to achieve are complex and diverse in nature 
(Kennedy, 2005). That is, preservice teachers do not only hold goals that are related to teaching 
and learning science. Some goals are related with fulfilling the program requirements; some 
goals are related with coping with policies that influence the schools where they teach.  
According to Kennedy (2005), for example, teachers also want to make their classrooms safe 
environments that foster students’ willingness to participate. Teachers want that they students 
feel emotional tranquility; they also want courteous interactions among students in their 
classrooms. This means that in order to understand classroom practices, it is necessary to take 
into account the different goals  –not only the ones related to teaching and learning science– that 
preservice teachers have when designing their learning activities (Hutner & Markman, 2017). 
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Classroom Practices 
 Because the goal of this study is to understand the relationship between teacher cognition 
and their classroom practices, it is important that I describe the core practices that are widely 
regarded as essential skills that preservice teachers need in order to improve their classroom 
effectiveness. What are these core practices required to learn from practice? Hiebert, Morris, 
Berk, and Jansen (2007) designed a framework consisting of three practices that can help 
teachers analyze their work. These practices include setting learning goals for students, 
evaluating whether the goals are being achieved during the lesson, and developing causal 
relationships between instruction and learning, (Hiebert, Morris, Berk, & Jansen, 2007; 
Windschitl et al., 2012). Although these practices are embedded in the decisions that teachers 
make in the classroom, when used systematically can lead teachers to take a more critical stand 
towards their work (Hiebert et al., 2007).  
If the objective is to help novice teachers become more reflective about their work, then, 
they need to learn how to assess the effects of their instructional activities in relation to their 
intended learning goals. Therefore, the first practice, specifying learning goals, will determine 
the analysis that teachers make of their instruction. Specifying learning goals requires unpacking 
them into sub-goals. The more specific and detailed these goals are, the more productive they 
become to analyze the outcome of the instructional design. As expected, unpacking learning 
goals will be influenced by the knowledge that preservice teachers have of the discipline. 
Sandoval and coworkers (2016) suggest that the learning goals of teachers also depend upon 
their understanding of how disciplinary knowledge is constructed. Thus, this highlights the 
importance of understanding whether and how different beliefs, bodies of knowledge and 
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pedagogical orientations can influence the way preservice teachers set learning goals for their 
students.  
The second practice, evaluating whether the goals are being achieved during the lesson, 
involves collecting evidence “about whether, and to what extent, each student is achieving the 
goals” (Hiebert et al., 2007, p. 51).  This requires valuing the importance of collecting different 
forms of student thinking to evaluate assessment, recognizing what counts as evidence that 
signals that students are achieving the learning goals, and knowing important parts of the activity 
where evidence can be collected. Teachers however, tend to consider what they do during the 
lesson as evidence of the effectiveness of their instructional designs, rather than collecting 
evidence of what students actually do. Since students reasoning with disciplinary concepts 
intended in the learning goals is one of the strongest forms of evidence of their achievement of 
the learning goal, teachers need to be able to distinguish different levels of sophistication in 
students’ disciplinary understandings. Hiebert and coworkers (2007) argue that although teachers 
tend to focus on students’ behavior as evidence to analyze their effectiveness, it is possible, yet 
challenging, to help them value and start using students’ thinking about disciplinary ideas as 
evidence.  
The third practice, developing causal relationships between instruction and learning, 
requires using principles of learning and teaching. Similar to the learning goals, the more specific 
these causal relationships, the easier it is for teachers to test them in future lessons. Because 
teachers are to explain how their instructional design is connected to different forms and levels of 
student performance with the subject, they need to understand not only general principles of 
learning but also, how people reason about the subject. For example, if the learning goal was 
conceptual understanding of a central idea in biology, the teacher needs to be able to recognize 
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what it means to understand that idea and the developmental pathways that students can take. 
Therefore, we can further explore teachers’ cognition by studying the type of evidence that they 
look for and the way they analyze it to make inferences about the effectiveness of their 
instruction. 
There is a general agreement that one of the central dimensions of the teaching profession 
is learning from one’s actions (Cochran-Smith & Lytle, 1999; Hiebert et al., 2007; Lampert, 
2012). Arguing that it is unrealistic to expect prospective teachers to perform like experts once 
they graduate from their programs, Hiebert and coworkers (2007) suggest that preservice 
teachers need knowledge, skills and dispositions to learn from teaching in a systematic way. By 
focusing on preparing teachers to learn from practice as they enter the profession, it is hoped that 
they will develop the skills for analyzing teaching that will lay the foundations for their future 
professional development.  
Other authors have proposed somewhat different frameworks. The main reason I focus on 
this framework for this study is because these three practices allow space for the influence of the 
knowledge, beliefs, and goals that preservice teachers express. Because these practices require 
teachers to set goals and reflect on them, exploring the teachers’ mental representations that 
guide these processes can provide information about the mechanisms through which cognition 
and practices interact. 
Theoretical Framework 
In this section I describe the two theoretical frameworks guiding this study. The goal-
oriented model of teacher cognition (Hutner & Markman, 2017) was used to guide the 
exploration of the mediating, goal, and environmental representations of preservice teachers as 
they planned and reflected on their teaching experiences. The cognitive demand was used to 
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explore the types of opportunities that preservice teachers designed to help their students learn 
different scientific process skills and disciplinary ideas. 
Goal-Oriented Model of Teacher Cognition 
The first theoretical framework that I am using to guide this study is the goal-oriented 
model of cognition (Hutner & Markman, 2017) described in more above. This model of science 
teacher cognition provides an alternative way to better understand teacher instructional decisions 
and practices by considering the “goals of a teacher as fundamental components of cognition 
leading to classroom practice” (p. 714). Similar to previous models of science teacher cognition, 
this model considers that teachers’ knowledge and beliefs, along with the sociocultural 
characteristics of the context in which they teach influence their classroom practices. While 
previous models have tried to differentiate beliefs and knowledge epistemologically, according to 
Hutner and Markman (2017), “the distinction between knowledge and beliefs is less important 
than the fact they play the same role in cognition, by mediating the goals of a teacher and the 
resultant cognitive processes and actions” (p. 722). Thus, rather than defining knowledge and 
beliefs from a philosophical perspective, this model defines these concepts based on the role they 
play in cognition and their relationship they have with other constructs to mediate teachers’ 
thoughts and actions. More specifically, this goal-driven model of cognition considers the role 
played by the goals that teachers have, together with the role that beliefs, knowledge, and the 
contextual information in cognition and action.  
According to this model, it is not enough to hold reform-oriented beliefs and knowledge 
of pedagogical approaches in order to teach in ways consistent with these approaches. If a 
teacher does not have the particular goal to use a reform-oriented pedagogical approach, he or 
she will not engage such approach in the classroom (Grossman, 1990). In this view, mediating 
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representations provide preservice teachers relevant information related to the different ways a 
goal can be achieved, or whether a goal is worth pursuing in relation to other goals. However, a 
precondition for acting in accordance to the pedagogical beliefs and knowledge that a preservice 
teacher might report, is holding or activating a goal that is related to those beliefs and knowledge 
(Hutner & Markman, 2017). For this reason, to better understand the relationship between 
teacher cognition and practice, it is essential to investigate the goals that guided preservice 
teachers’ decisions when planning and enacting particular learning activities.  
Cognitive Demand 
As I mentioned before, all tasks are not created equal; the way teachers design and enact 
instructional tasks influence the opportunities that students have to learn how to think and reason 
(Doyle, 1983). Different tasks require students to use different levels and kinds of engagement 
with disciplinary ideas; the nature of the task will have a significant influence in the cognitive 
processes that students require to complete a task successfully. The more complex the cognitive 
processes required by the task, the higher the cognitive demand of the activity (Chinn & 
Malhotra, 2002). According to Chinn and Malhotra (2002), there are several fundamental 
“cognitive processes that scientists engage in when they conduct research: generating a research 
question, designing a study to address the research question, making observations, explaining 
results, developing theories, and studying others’ research”. The importance of the cognitive 
processes that scientists use to do science, in relation to science education, is that they play a 
similar role in the learning of science as well (Osborne, 2014).  
The cognitive processes that students use, however, differ from the cognitive processes 
used by scientists. In traditional instructional tasks, for example, the teacher tells students what 
the research question is. By contrast, scientists must use different strategies to define the problem 
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space to figure out for themselves what the research question will be (Chinn & Malhotra, 2002). 
In authentic scientific research, scientists use indirect reasoning in order to connect the variables 
that they measure with the theoretical variables of interest. In the classroom, the variables that 
students manipulate in their hands-on activities are identical to the theoretical variables of 
interest. For instance, in one of the hands-on activities analyzed by Chinn and Malhotra (2002), 
students observed a match being ignited in order to demonstrate the theoretical idea that there 
was oxygen in the air. From an epistemic point of view, the observation (the ignited match) and 
the theoretical conclusion (there is oxygen in the air) are different. However, students did not 
have to infer by themselves, as scientists do, why the ignition of a match was evidence of the 
presence of oxygen in the air. Since students do not use the same cognitive processes that 
scientists use, they do not learn how to reason scientifically; they do not develop an 
understanding of how scientific knowledge is constructed.  
Since the tasks in which students participate in the classroom define how and what they 
learn in the classroom, the goals that a teacher has for student learning are essential in the design 
and enactment of learning tasks (Stein, Smith, Henningsen, & Silver, 2009). This suggests that 
teachers’ goals of what and how student should learn different scientific concepts and skills 
should influence the cognitive demand of the academic tasks that students will experience. Based 
on the goal-oriented model previously described, it is possible to hypothesize that the cognitive 
level of the academic tasks that preservice teachers design during their student teaching 
placements is the result of their knowledge and beliefs about learning and teaching, the desired 
outcome they seek with these tasks, and the contextual information and constraints they consider 
to monitor whether the goals are being attained. Thus, I am using these frameworks to better 
understand how preservice teachers’ beliefs, their instructional goals, and the information they 
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use from the context (physical and social) to monitor the attainment of their goals influence the 
cognitive level of the academic tasks that they design during their student teaching. 
In order to identify the cognitive demand of the learning tasks that preservice science 
teachers design during their student teaching, I am using the Task Analysis Guide in Science 
(TAGS) designed by Tekkumru-Kisa et al. (2014). The main purpose of this framework (Table 
2.1) is to characterize the level and kind of reasoning required of students in order to successfully 
engage with a task that focuses on scientific ideas and/or science practices (Tekkumru-Kisa et al., 
2014).  
Table 0.1. Task Analysis Guide in Science   
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As depicted in Table 0.1, this is a two-dimensional framework. The first dimension, 
represented by the columns, is the integration of science practices and science content. Thus, 
tasks can be categorized as focusing on either conceptual ideas, practices, or an integration of 
practices and concepts. The second dimension, represented by the rows, is the cognitive demand 
of the task. Tasks with higher cognitive demand, located closer to the top, are more ambiguous 
and riskier.  
Level one tasks are Memorization Tasks; there are two types. First, there are tasks 
focused on concepts; these activities require students to reproduce formulas, scientific 
terminology and rules previously covered. Second, tasks focused on science practices that 
require students to recall descriptions of scientific practices, such as the different steps of the 
scientific method. Memorization tasks, according to Doyle (1983), are low in ambiguity and risk, 
that is, “the answers are clearly identified in advance and the likelihood of being able to produce 
them is high” (p. 183). Students who want to succeed in these tasks need to recall information 
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Note: Shading depicts non-applicable components. 
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and skills because students are not making sense of disciplinary ideas or how the practices can be 
used to explore and explain these concepts. These tasks direct students’ attention to superficial 
concepts instead of unobservable elements that can help students develop a deeper understanding 
of scientific ideas and how science works.  
Level two are classified as Scripted Tasks. These are low cognitive level tasks that focus 
students’ work on the reproduction of expected answers. In these tasks, students can simply 
follow the guidelines provided by the teacher that are needed to find an expected outcome. For 
example, a task that requires students to follow a set of steps to find the mass of different objects 
does not translate into students planning and carrying out investigations because they don’t need 
to consider the concept of mass in relation to the activity. There are three types of scripted tasks: 
Scripted Content, Scripted Practices, and Scripted Integration.  
In Scripted Content Tasks, students are required to use a scientific principle or formula 
that they had learned, in order to solve a particular problem. In these tasks, students can solve the 
problem without the need of making sense of the underlying guiding principle (Tekkumru-Kisa 
et al., 2014). A task where students are provided a diagram of homeostasis and are asked some 
questions about feedback mechanisms that can be answered by reading the diagram, is an 
example of this type of task. In this case, students do not need to make sense of the underlying 
ideas, the connection of the different elements in the diagram, and the limitations of this type of 
representations.  
In Scripted Practices Tasks the goal is to help students develop some kind of skill that the 
teacher considers is related to science. For example, a teacher might design a lesson where 
students develop their laboratory skills by measuring the time it takes a toy car to reach the 
bottom of a ramp when the angle of the ramp is changed. In this hypothetical task, students 
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conduct 3 trials per angle, and collect the data in a spreadsheet. Nevertheless, because students 
are not asked to consider sources of error, or why they need to conduct several trials on the first 
place, students are not developing a deeper understanding of scientific inquiry practices, such as 
data collection or designing an experiment (Roth et al., 2006).   
Scripted Integration Tasks involve the superficial integration of practices and content. 
“They generally require students to follow a set of actions within the context of particular 
science content but without requiring students to make sense of the disciplinary ideas” 
(Tekkumru-Kisa et al., 2015, p. 12). These tasks look aligned to reform-oriented ideas about 
learning disciplinary concepts through the engagement in scientific practices. The activities 
engage students in following or practicing a procedure, but the learning task does not explicitly 
guide students to understand disciplinary ideas (Roth et al., 2006). In a study conducted by Roth 
and collaborators (2006), they describe an example of a lesson designed by a teacher. Students 
took their pulse before and after physical activity, recorded their data, and graphed their results; 
the teacher, however, did not use the information obtained by the students to help them develop a 
deeper understanding of blood circulation, the use of graphical representations, or the nature of 
scientific inquiry.   
On the third cognitive demand level, there are the Tasks Involving Guidance for 
Understanding of either content or practices. In these tasks, students are expected to apply some 
of the concepts or skills they have previously encountered to new problems or situations (Doyle, 
1983). In a general sense, tasks at this cognitive level are characterized as application tasks; tasks 
that provide further opportunities for students to deepen their understandings.  
Guided Content Tasks require students to transform information, analyze it, or construct 
generalizations of a particular concept (Tekkumru-Kisa et al., 2014). These are high-level 
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cognitive demand tasks since students have more agency to make decisions about how to use and 
manipulate information. Nevertheless, the goal is not to help students understand science process 
skill, but to develop a deeper understanding of a central idea. For example, at the end of a lesson 
about the cell and the function of the different organelles, the teacher can ask students to develop 
an analogy for the cell and its structures. Here the focus is on reinforcing the concepts they have 
already covered. Guided practice tasks, on the other hand, are designed to help students have 
additional practice with a procedure or skill. For example, after covering the structural elements 
of an argument (e.g., claim, evidence, reasoning), a teacher can ask students to identify the 
claims presented in a reading and the evidence that supports them.  
Level four tasks are categorized as Guided Integration. These tasks are not completely 
authentic to scientific inquiry, since the teacher is the one who defines the problem space by 
setting the question to be addressed. The teacher reduces the level of uncertainty and ambiguity 
without reducing the cognitive level of a task by providing scaffolding and guidance to the 
students. Through this guided integration of practices and disciplinary ideas, the teacher does not 
tell students what to do either verbally or through classroom materials that describe step-by-step 
protocols. Instead, the teacher helps students engage in high-level reasoning by offering 
assistance that allows students to get started or to find an alternative route to solve a problem.  
A Guided Integration task example comes from an elementary science classroom where 
students engaged in the “wild backyard,” activity developed by the teacher and a group of 
researchers (adapted from Manz (2015, p. 7)). In this school, a wall casted a changing pattern of 
shade on the backyard, resulting in differential sunlight and moisture and related patterns of plant 
distribution. The teacher scaffolded students’ engagement by helping them notice the diversity of 
plant life in the backyard. This lead to the plant growth experiment, where each student observed 
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plants in two of the three conditions and recorded drawings and claims in an investigation 
journal in order to figure out how much light was best for growing plants. At the end of the 
investigation, students were asked to consider how the experiment’s results informed their 
understanding of the backyard. 
The tasks with the highest cognitive level are classified as Doing Science Tasks, where 
students’ engagement focuses on an open scientific question. These tasks have a high degree of 
uncertainty since students are the ones deciding the best approach to solve a problem or to make 
sense of a particular idea. According to Tekkumru-Kisa and coworkers (2014): 
In [doing science] tasks, students need to use various scientific practices to be 
able to develop or deepen an understanding of a scientific idea as they explore a natural 
phenomenon. Such tasks require students to access relevant knowledge and make 
appropriate use of it as they work on an (mostly) authentic problem. (p. 13)   
Doing Science Tasks, in a general sense, cannot be easily solved by the use of an algorithm or 
formula defined a priori. Instead, doing science requires knowledge about why formulas and 
concepts can help explain the problem at hand. In other words, students require to engage in 
complex and non-algorithmic thinking (Stein et al., 2009). Doing science tasks require 
considerable cognitive effort because students need to self-monitor their own cognitive 
processes; learners need to constantly analyze the constraints of the problem space set by the task 
that can influence the potential strategies and solutions (Stein et al., 2009).  
An example of a doing science task comes from a combined third- and fourth-grade 
classroom in a laboratory elementary school (adapted from Ryu and Sandoval (2012, pp. 495-
498)). After participating in structured activities where students shared their own experiences 
with magnets found in their toys and in the kitchen, they generated questions regarding what they 
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wanted to know about magnets, such as “How are magnets made?” Using what they had learned 
about electromagnetism, each group formulated hypotheses and designed experiments to find out 
what made an electromagnet stronger. Students, working in groups, designed experiments, 
collected data, and presented and discussed their designs and results first in their own groups, 
and then through whole-classroom discussion. For example, a group decided to test different 
brands or the age of batteries to determine whether they influenced the strength of 
electromagnets. 
Academic tasks are the “basic treatment unit” in classrooms. Similar to Doyle (1983), I 
consider academic tasks as classroom-based activities that define the content that students are 
supposed to learn and the strategies required to process and apply such content. Tasks include the 
products that students are expected to produce, the operations and processes used to generate 
these products (e.g., memorizing, classifying, inferring, analyzing), and the resources available to 
students while they are involved in the particular task. Similar to (Tekkumru-Kisa et al., 2014), I 
further define an academic task as a classroom-based activity whose purpose is to focus students’ 
attention to specific disciplinary ideas and/or science practices. Thus, an activity is not 
considered as a new task unless the underlying scientific idea and/or practice that is the focus of 
the activity, changes. 
Considering that tasks describe the answers students are required to produce and the 
routes that can be used to obtain these answers, they signal messages about knowledge and 
learning that influence students’ classroom participation and learning  (Manz, 2015; Talanquer et 
al., 2015; Tekkumru-Kisa et al., 2014). For example, science could be regarded as not just as “a 
body of knowledge that reflects current understanding of the world; it is also a set of practices 
used to establish, extend, and refine that knowledge” (National Research Council, 2012, p. 26). 
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Nevertheless, all too often science education focuses on the canon of accepted knowledge instead 
of the construction and evaluation of mechanistic accounts of the natural world. Teachers who 
design academic tasks that focus on the retention of discrete facts will help their students learn 
about science ideas; teachers who design academic tasks to learn science by doing science will 
help their students understand science as the construction and application of knowledge. I argue 
that academic tasks are central to understand the relationship between teachers’ practices and 
their mental representations for two reasons. First, each academic task requires teachers to 
integrate multiple activity structures that build upon one another to support the learning goals 
that they set to pursue (Windschitl et al., 2012). From a teaching practice perspective, this means 
that the design, enactment and evaluation of an academic task requires the use instructional 
practices and routines that teachers use on a daily basis in their science classrooms. Therefore, an 
academic task is a productive unit of analysis to investigate teachers’ practices. Second, 
academic tasks highlight, among other things, what teachers consider as important for their 
students to learn, what they think about how students better learn ideas and skills, and the 
elements of the context that support or constraint their pedagogical decisions. In other words, a 
focus on academic tasks offers an analytical window to investigate preservice teachers’ 
pedagogical beliefs and decisions within the particular contexts of their field placements.  
Summary  
In this chapter I have presented different factors that play an important role in classroom 
practices: teachers’ beliefs, knowledge, and the characteristics of the context in which teaching 
occurs. I described different conceptualizations of knowledge and beliefs, two constructs that 
have been used to study teachers’ pedagogical practices with limited success. I also presented a 
goal-driven model of teacher cognition that describes the role that mediating, goal, and 
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environmental representation play in teachers’ actions.  Moreover, I presented three core 
practices: (1) specifying learning goals, (2) evaluating whether the goals are being achieved 
during the lesson, and (3) developing causal relationships between instruction and learning. 
These practices are considered as productive competencies that can help prospective teachers 
become more effective overtime. These practices are directly connected to the goal, 
environmental and mediating representations, thus, providing a window to investigate the 
influence of these mental representations on teachers’ pedagogical decisions.  
Finally, I outlined the two theoretical frameworks guiding this study. The goal-oriented 
model of teacher cognition provides a framework to investigate preservice teachers’ mediating, 
environmental, and goal representations. The Task Analysis Guide in Science framework guides 
the analysis of the cognitive demand of the learning tasks designed by the participants. Taken 
together, both frameworks guide the exploration of the influence that mental representations have 
in the sophistication of the learning tasks that preservice teachers design.  
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 Chapter 3: Methods 
This chapter presents a summary of the rationale for selecting the methods used to 
collect, analyze and interpret the data gathered in this study. 
Research Questions 
Here I describe again my research questions. I answered them by using qualitative 
research methodology and methods which are described in detail in this chapter.  In this study, I 
ask the following questions:  
1. What are the mediating, goal and environmental representations of preservice 
teachers as they plan for and reflect on their student teaching semester? 
2. What are the mediating, goal, and environmental representations of preservice 
teachers as they plan for and reflect on their learning tasks? 
3. What is the cognitive demand of the academic tasks designed by preservice teachers? 
4. What is the relationship between the mediating, environmental and goal 
representations of preservice teachers and the cognitive demand of the tasks designed 
by them? 
Research Approach and Rationale 
Qualitative research methodology. In order to address my research interest around the 
influence of preservice teachers’ goals, beliefs, and knowledge in the learning opportunities they 
design, this study uses a multiple case method and cross-case comparison (Yin, 2014) design to 
identify similarities and differences among three preservice teachers who were getting their 
teaching certification to teach living environment. The use of qualitative approaches allows the 
researcher to understand “how people interpret their experiences, how they construct their 
worlds, and what meaning they attribute to their experiences” (Merriam & Tisdell, 2016, p. 15). 
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From this perspective, qualitative methods are most appropriate to better understand the research 
focus of this study. 
Case study methods. This study used a multiple-case qualitative approach in order to 
explore in depth the influence of the goal, mediating, and environmental representations of 
preservice teachers as they design science learning tasks. According to Yin (2014), case study is 
a design suited to situations in which “the boundaries between phenomenon and context may not 
be clearly evident” (p. 16). Remember that the goal of this study was to better understand the 
influence of the mental representations of three preservice teachers in the cognitive demand of 
the learning tasks they design during the student teaching placement. Because of the complex 
and dynamic contextual factors that influence preservice teachers’ practices and experiences 
(Anderson & Stillman, 2013), a case study was considered as the most suitable approach for this 
study because it 1) has the ability to provide perspectives from three different participants, 2) 
uses multiple data collection techniques, and 3) explores the relationship between teacher 
cognition and behavior within particular contexts (Yin, 2014).  
According to Merriam and Tisdell (2016), a case study “is an in-depth description and 
analysis of a bounded system” (p. 37). The three cases that were selected for this study are 
bounded in multiple ways. First, I focused on the student teacher semester (spring semester) 
because it is during this time that preservice teachers are able to translate into practice what they 
have learned in science and science methods courses (Coble & Koballa, 1996). Second, each 
participant was placed at a different school during this semester. Therefore, each case was 
bounded by the student teaching placement. Third, the participants belonged to the same cohort 
enrolled in the science teacher education program at Capital University (pseudonym) during the 
2016-2017 academic year. Fourth, because subject matter knowledge influences teachers 
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practices (Gess-Newsome, 2015), I focused on preservice teachers who had a background in the 
life science and who were getting their teaching certification in Biology.  
Setting and Participants 
Science teacher education program. I conducted this study at Capital University, a large 
urban institution located in Whole City (pseudonym) in the northeastern part of the US. There 
are approximately 30,000 enrolled students at this institution, and 5,023 of whom are enrolled in 
a specialized teaching college. Of those 5,000+ students, 77% are women, and 80% of students 
are US citizens. There are also 13.3% African American, 14.6% Asian American, 13.5% 
Hispanic/Lanino/a, and 3.5% identified with two or more ethnicities (Our Students at a Glance, 
n.d.). During the 2016-2017 period, there were approximately 3,600 master’s students, enrolled 
in the college.  
This study’s context is a science teacher education program. The students enrolled in the 
program are prospective students, thus seeking to earn their M.A. degree for certification to teach 
middle and/or high school science. The overarching goal of this program was to provide 
preservice teachers with opportunities to study science education theory, the discipline of science 
(including its historical evolution, philosophies, and epistemologies), and professional education. 
As part of the program, students had opportunities “to merge these studies with intensive field 
experiences through field-based assignments, courses, and student teaching experiences” 
(Capital University Science Education Program Website, 12/4/17). Upon successful completion 
of their 36-point degree requirements, graduates receive the license to teach science in grades 7 
through 12 in the state. 
Student teaching spring semester. Most of the preservice teachers in the science teacher 
education program at Capital University finished their course requirements after an academic 
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year. During the fall semester, participants took introductory science education methods courses, 
together with other disciplinary and professional education courses. Exploring the preservice 
teachers’ trajectory along the fall and spring semesters would have provided additional 
information to better understand how these preservice teachers change their views regarding 
teaching and learning. However, I focused on the student teaching semester (for this study, spring 
semester and student teacher semester are used interchangeably) because, as mentioned before, it 
was during the student teaching placement where teachers had the opportunity to operationalize 
their views into the design of academic tasks. More specifically, I focused my observations to the 
science methods seminar because the structure of the course was designed to provide preservice 
teachers rich learning opportunities that combined field experiences with university-based 
discussions regarding issues of learning and teaching science.  
Student teachers met once per week for the seminar course. This seminar was divided 
into two blocks, each one with two different goals. During the first block (2.5 hours), student 
teachers and the instructors discussed readings and other instructional materials covering 
different topics around six major themes: (1) Classroom management, (2) Nature and practice of 
science, (3) Culturally relevant teaching and learning, (4) Curriculum planning, including 
technology integration, resources, and assessment, (5) Parents and community involvement, and 
(6) Career development. According to the syllabus (Appendix A), the overarching goal of this 
part of the course was to prepare preservice teachers to teach science in middle and high schools 
by exploring “issues that make up the daily routine of life in science classrooms. More 
specifically, the goal of this part of the seminar course was to help student teachers to be able to 
define, comprehend, analyze and evaluate three main pedagogical questions: (1) What does it 
mean to teach in an urban science classroom? (2) How do you prepare effectively for different 
  56 
forms of instruction? And (3) How do you get to know, appreciate, and assess your students and 
incorporate what you have learned into your planning and teaching?  
This part of the seminar was an important data source for two main reasons. First, the 
seminar provided a space where participants engaged in rich conversations regarding different 
issues related to science teaching and learning. Second, as part of the requirements of the 
seminar, student teachers had to write a weekly reflection related to an important pedagogical 
theme. I provide further information about this in the following section. 
The goal of the second block of the seminar (around 1.5 hours) was to prepare student 
teachers for the state mandated edTPA teacher assessment portfolio (Appendix B). In this part of 
the of the seminar, instructors usually provided personalized guidance and support to the student 
teachers. Part of this guidance focused on technical support, such as where to locate the video 
camera in the classroom to record the videos required for the portfolio. In addition, the 
instructors and participants discussed the meaning of concepts that had to be included in the 
lesson plans, such as the central focus of a unit, language demands of a lesson, or the individual 
needs of the students. These discussions focused on criteria that preservice teachers had to use to 
consider the practical implications of these concepts in the design of lesson plans.  
The edTPA portfolio was used as an overarching framework that preservice teachers used 
to design academic tasks and to reflect about the impact of their instructional decisions. For this 
reason, it is important to describe the goal of this assessment. The edTPA assessment was 
designed to evaluate prospective teachers’ understandings of teaching and learning science. The 
assessment is composed of three tasks, which include (1) planning for instruction and 
assessment, (2) instructing and engaging students in learning, and (3) assessing student learning. 
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According to the designers of the edTPA, these three tasks represent the cycle of effective 
teaching (Stanford Center for Assessment, 2015).  
The portfolio that preservice teachers needed to design documented their intended 
teaching, their enacted teaching, and the impact of their teaching on student learning. Given that 
the guidelines published by the creators of the edTPA directly influenced how preservice teachers 
designed their lesson plans, the artifacts that participants included for their portfolios were an 
important source of data. These included the lesson plans, evidence of students’ understandings, 
and reflections about the design, enactment and impact of these learning activities.  
Participant selection. For this study, I used purposeful sampling to select my 
participants among the cohort of 11 student teachers enrolled in the science teacher program. 
According to Patton (2015): 
the logic and power of qualitative purposeful sampling derives from the emphasis 
on in-depth understanding of specific cases: information-rich cases. Information-rich 
cases are those from which one can learn a great deal about issues of central importance 
to the purpose of the inquiry. (p. 53, emphasis in original) 
At the beginning of this study, I intended to include the entire cohort of preservice 
teachers for the data collection. As I got to know the participants better, I realized most of them 
had significant limitations in the design and enactment of academic tasks. That is, they had to 
implement, almost faithfully, the academic tasks that their mentor teachers had previously 
designed. This included using the same curriculum materials and assessments that their mentor 
teachers had included when they originally designed the academic tasks. 
Because the research focus of this study is the relationship between preservice teachers’ 
mediating, environmental, and goal representations and the cognitive level of the academic tasks 
  58 
they design, the criterion-based selection (LeCompte & Schensul, 2010) was the freedom that 
student teachers had to design lesson plans during their student teaching. In this case, I focused 
on three student teachers, Laura, Tessa, and Philip, because they had the most freedom to design 
and enact their own academic tasks during the student teaching semester. For this reason, the 
results from this investigation and the claims that I make are not intended to reflect the broad 
range of preservice teachers’ contexts, where the level of freedom that they might have to design 
and enact their own academic tasks is constrained by different contextual characteristics.  
Although these student teachers were guided by their mentor teachers, the agency that 
they had to design their academic tasks meant they represented information-rich cases to 
investigate the mediating representations guiding their design. In other words, given that these 
three participants designed their own academic tasks, the cognitive demand of these learning 
activities was a better reflection of their goals, knowledge and beliefs, rather than their mentor 
teachers’. Table 3.1 provides the profiles of the three participants. 
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Procedure and Data Collection 
Data were gathered from multiple sources to provide corroborating evidence through 
triangulation, and to create rich descriptions of the meaning and experiences of participants 
(Creswell & Poth, 2018). My data sources were collected during the spring semester, or the 
student teaching semester. Three main sources were collected. First, preservice teachers’ artifacts 
were collected from the science methods course. These included: (1) weekly reflections; (2) three 
lesson plans designed and enacted in the student teaching placements; and (3) samples of 
students’ artifacts. Second, transcriptions of the semi-structured interviews (around 80 minutes 
long) that were conducted at the end of the semester with each of the participants. Third, the 
journal documenting the informal conversations I had with the participants and the classroom 
observations I made during the course. 
I collected all my data sources during the spring semester of 2017. In order to ascertain 
the goals, knowledge and beliefs, and contextual characteristics that influenced student teachers’ 
decisions, I used different sources of data. First, I used the weekly reflections, my field notes, 
and interviews to gain insight into the goal representations, mediating representations, and 
environmental representations of participants that operated at different scales. Throughout the 
semester, the instructors highlighted important criteria or learning goals that preservice teachers 
had to consider when designing and enacting learning tasks. One of such criteria, for instance, 
was considering the instructional support students needed to cope with the language demands of 
the task; one broad goal was designing learning tasks intended to help all students learn 
particular concepts and skills. These were considered to have a broad scope because preservice 
teachers used them during the design of most learning activities. These data sources provided me 
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with some of the general and domain specific representations that guided preservice teachers’ 
decisions during their students teaching.  
Second, because one of the purposes of this study was to understand the specific 
representations that guided preservice teachers’ design of academic tasks, I used the lesson plans, 
the scaffolds, and materials they designed for their students, and the artifacts that were produced 
during three different learning tasks. Criteria and learning goals that were only mentioned during 
the design of specific academic tasks were considered to have a smaller scope. A goal of a 
smaller scope, for instance, was to include a conversation about the historical role of women in 
science during a lesson to help students understand NOS. In order to explore the specific 
representations that guided preservice teachers’ decisions, I asked them during the interview and 
informal conversations what they were trying to accomplish by engaging students in those 
particular tasks, and why they considered that approach a productive way to achieve their goals.  
Remember that in Chapter 2 I defined an academic task as a classroom-based activity 
whose purpose is to focus students’ attention to specific disciplinary ideas and/or science 
practices. Thus, an activity was not considered as a new task unless the underlying scientific idea 
and/or practice that was the focus of the activity, changed. This means that an academic task was 
not defined by a particular period of time (e.g., a class period). Instead, it was the focus of the 
activity (a particular scientific idea, a particular science practice, or both) that defined what a 
learning task was. In this study, tasks ranged from one to three class periods. The idea of 
selecting three tasks per teacher was to obtain a snapshot of the participants’ specific goal and 
environmental representations across three points in time that guided their design of these 
academic tasks during their field experiences.  
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Participants’ artifacts. Documents, as artifacts that participants constructed, were the 
external embodiment of the mental, goal and environmental representations they hold 
(Engeström, 2015). For each of the three participants, I selected one task every three weeks, for a 
total of three tasks per participant. The lesson plan format (Appendix C) that guided preservice 
teachers included different fields that were discussed during the seminar. According to the 
program director, the fields included in this lesson plan format were intended to prepare 
preservice teachers to continuously think about the requirements of the edTPA assessment. 
In the first field, preservice teachers had to specify the standards that were being covered 
during that particular unit. It is important to highlight that at the time of this study, the NGSS had 
not been adopted by New York State. As a result, preservice teachers used the New York state 
standards as their guiding criteria to design their lesson plans. Second, preservice teachers had to 
state the central focus of the unit. According to the program director, the central focus was a 
question that would take a unit to answer (three to five lessons), instead of a question that could 
be answered in one lesson period (Field notes, week 5). Moreover, she advised preservice 
teachers against writing a knowledge question as the central focus. According to her, because 
those prompts would only take five minutes to be answered, teachers who would state 
knowledge questions as the central focus could run the risk of failing the edTPA assessment. 
Although she mentioned during the seminar that the central focus had to be a rigorous question, 
she did not specify any criteria that preservice teachers could have used to come out with their 
own rigorous questions.  
Third, preservice teachers had to state the essential understandings that students were 
going to develop at the end of the unit, and the essential questions that were going to guide their 
academic work. According to the program director, essential understandings had to describe what 
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students should be able to do and know at the end of the unit. The fourth element was the lesson 
objectives where preservice teachers had to state what students should be able to do and 
understand at the end of the lesson.  
In the fifth field, preservice teachers had to provide details about the language demands 
of the lesson, which included the language function, the content and academic vocabulary, the 
discourse, and the syntax. Following the edTPA’s guidelines, the language function was defined 
as being “essential for students to develop understanding of science concepts, the phenomenon, 
and the application of scientific practices through inquiry within [the lesson plan’s] central 
focus” (Stanford Center for Assessment, 2015, p. 11). According to this definition, there were 
five language functions that preservice teachers could incorporate in their lesson plans, including 
analyze, explain, interpret, justify with evidence, and predict. In this field of the lesson plan 
preservice teachers had to describe the ways in which they were going to foster discussions in the 
classroom, and the supports they were going to provide to the learners. As an example, the 
program director described the Claim-Evidence-Reasoning framework to facilitate students’ 
engagement in scientific argumentation.  
For the sixth field, adaptations to meet individual needs, preservice teachers had to 
explain how they would adapt the lesson to students with particular needs, not by focusing on 
individual learners, but through a broad description of the different factors that could affect the 
learning of the students in that particular classroom.  
Finally, for the academic feedback field, preservice teachers had to include rubrics that 
were aligned to their lesson and unit goals, in order to provide effective feedback that could help 
students reach these learning goals.  
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In addition to lesson plans, I collected all the artifacts created by the preservice teachers 
as part of the requirements for successful completion of the student teaching course. These 
included the weekly reflections where students had to write a response to a prompt designed to 
draw attention to a specific need that student teachers faced or a specific topic related to teaching 
or learning science (e.g., How can your instruction develop scientific skills and processes while 
deepening your student’s understanding of content?). Weekly reflections served several purposes. 
They were considered as important learning tools as they helped preservice teachers externalize 
their thoughts and understandings about teaching and learning. Second, preservice teachers had 
to write these reflections for the fulfillment of the program requirements. Third, reflections were 
considered means to reflect on the different aspects of the edTPA assessment (see Appendix A: 
List of prompts student teachers had to respond each week during the student teaching semester). 
Interviews. Interviews were used to gain insight into the expressed mediating and goal 
representations of the three participants. Interviews were conducted after the analysis of the 
lesson plans. This allowed me to adapt the interview protocol to each participant, focusing on the 
specific goals that each one had set to achieve when designing learning activities, and the 
mediating representations that guided the selection of those goals (see Appendix E to Appendix 
G for a copy of the interview protocol used with each teacher). Interviews were conducted at the 
end of the student teaching semester using a semi-structured approach with a list of predefined 
set of questions and topics (Creswell & Poth, 2018). Assuming that individual participants define 
the world in unique ways, I left room for additional questions to explore in more detail the 
emerging worldview of my participants (Merriam & Tisdell, 2016). Interviews, which lasted for 
about 80 minutes, were recorded using a digital voice recorder, and transcribed for analysis. 
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All interviews focused on four main topics: (1) preservice teachers’ experiences with 
science and as science learners before they entered the teacher education program; (2) preservice 
teachers’ visions of good science teaching and learning and how their practices reflected that 
vision (e.g., Can you describe for me how students better learn science?); (3) preservice teachers’ 
experiences during their student teaching (e.g., What kind of support did you get from your 
mentor teacher during? What was the focus of this help?); (4) preservice learning goals for 
engaging students in the use of science practices and content in the different learning tasks they 
designed (e.g., What was your goal of engaging students in the creating of these DNA models?) 
Informal conversations. I had informal (debriefing) conversations with student teachers 
before or after the seminar. Through these conversations, I was trying to get a sense of the well-
being of the student teachers and how they were feeling in their placements. I kept the 
conversations short in order to be respectful of their time. Additionally, these conversations were 
focused on four main topics: (1) asking clarification questions to student teachers regarding some 
of the things they had said during the seminar; (2) to gain more details about what student 
teachers meant with certain terms and concepts they used during their weekly reflections, (3) to 
better understand the learning goals of particular academic tasks student teachers had designed 
and their reasoning behind those goals, and (4) to describe their instructional decisions during the 
enactment of the learning tasks.   
Observations. As any other qualitative research study, my role in the setting and my 
position toward the participants also needs to be described (Yin, 2014). In this setting, my 
observation type was that of a “participant as observer” (Creswell & Poth, 2018). That is, I was 
more than an outsider of the group who limited his role to take notes from a distance. I was 
present during the seminar each week, to observe the discussions and interactions among student 
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teachers and the instructors. I focused my observations on the pedagogical aspects that 
instructors asked student teachers to reflect on (e.g., classroom management; the use of students’ 
ideas to design a lesson), and how participants negotiated the meaning of different pedagogical 
and theoretical constructs (e.g., constructivism, culturally relevant pedagogy).  
In addition, I participated in some of the activities that took place during the seminar. For 
example, I participated in classroom conversations; I also participated in small group discussion 
where student teachers negotiated the meaning of different pedagogical concepts. Moreover, I 
participated in different casual social interactions with the participants, where they discussed 
more freely about their field experiences. This allowed me to build rapport with participants, 
while gaining insider views about the different dimensions of the student teaching experience.  
According to Patton (2002), observations in a qualitative design “are naturalistic to the 
extent that the research takes place in real world settings and the researcher does not attempt to 
manipulate the phenomenon of interest” (p. 39). My interactions with participants were intended, 
as I mentioned before, to build rapport with them. Moreover, I approached them before and after 
the seminar to discuss different issues related to their experiences in their placements and in the 
program. Because the goal of my study was to understand the relationship between preservice 
teachers’ cognition and practices, the instructor of the seminar and I concluded that in order to 
minimize the influence that my interactions with the participants could have had on their 
practices, I had to avoid sharing resources or suggestions related to the design of academic tasks. 
However, although I consider that this study is naturalistic, I also recognize that my presence in 
the methods course classroom, and my interactions with participants, influenced which and how 
different events unfolded (Patton, 2002). 
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Data Analysis 
Creswell and Poth (2018) argue that the process of data collection, data analysis, and 
writing are not different steps in the investigative process; they are intertwined and usually take 
place simultaneously. Following this advice, I began data analysis and data collection during the 
first class of the seminar. This was conducted through the writing up of field notes, reading the 
weekly reflections student teachers wrote before each seminar, and annotating the lesson plans 
they designed, including the curriculum materials they had included for a particular learning 
task.  
For the first part of the analysis, I used an inductive method and strategies suggested by 
Charmaz (2014) to analyze weekly reflections, interview transcripts and journal transcripts. In 
order to create the initial codes, I used words that reflected action, rather than topics, in order to 
create categories. According to Charmaz (2014), “coding for actions reduces tendencies to code 
for types of people. Coding people as type leads you to focus on individuals rather than what is 
happening in the data” (p. 116). For example, navigating school culture, managing the classroom 
setting and organization, or expressing concerns about student engagement were codes that 
emerged during the initial coding. The end result of this process was a set of chunks of data, each 
one labeled with a particular code. With the help of NVivo, I identified those codes that were 
used in more frequency. These codes were used for the construction of the themes during the 
second coding cycle.  
According to Yin (2014), one method to analyze data is to follow the theoretical 
propositions guiding the study in order to develop analytic priorities. After the first cycle coding 
was completed, the emerging categories were sifted (Gunning & Mensah, 2011) through the 
goal-driven model of cognition presented in Chapter 2. There were two steps in this part of the 
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analysis. First, I took the chunks of data from the first coding cycle and searched for goal, 
mediating, and environmental representations expressed by preservice teachers. Using the 
theoretical framework, I identified statements that expressed desired actions in order to identify 
goal representations. Statements regarding mediating representations included beliefs, 
pedagogical approaches, personal traits, and expressed understandings about different topics, 
such as how people learn science or the relationship between science practices and disciplinary 
ideas. Environmental representations included the use of contextual information that participants 
used to inform their pedagogical decisions or to make sense of a learning activity.  
Upon identifying the mediating, goal, and/or environmental representations of each 
chunk of data, the next step was to look for the larger context in which these representations 
were expressed to find relationship among them. This allowed me to develop the following 
categories that reflected my research questions: (1) Using mediating representations (e.g., 
beliefs, knowledge, pedagogy) to justify the selection of a particular learning goal or teaching 
action; (2) Using environmental representations (information from the physical and social 
context that provide evidence about goal pursuit) to reflect on a learning task; (3) Using 
mediating representations to reflect on an instructional situation; (4) Describing information 
from the context (classroom resources, school policies, students’ characteristics) to justify a 
learning goal or teaching action. Using these categories, a second person, who was blind to the 
participants, coded 10 segments of the data randomly selected. Overall reliability was 90%.  
In order to determine the cognitive demand of the academic tasks designed by the three 
participants, I also examined preservice teachers’ lesson plans and students’ artifacts. These data 
sources were analyzed for the cognitive level of the learning activities designed by participants 
using the Task Analysis Guide in Science (TAGS) framework developed by Tekkumru-Kisa, 
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Stein and Schunn (2015). I analyzed the tasks in terms of two dimensions that according to 
research in science education are central for learning science: (1) the integration of science 
content and skills; and (2) cognitive demand. For the first dimension, I categorized tasks as 
focusing on scientific concepts, scientific practices, or the integration of the two. For the second 
dimension, I categorized the cognitive demand levels of the tasks as memorization tasks (lowest 
cognitive level), tasks involving scripts, tasks involving guidance for understanding practices and 
or concepts, and doing science tasks (highest cognitive level).  
I analyzed the lesson plans along these two dimensions through multiple iterations until I 
felt confident in using the TAGS framework. Then, I provided 5 sample academic tasks to a 
second coder who was familiar with the research topic I was investigating (Creswell & Poth, 
2018). This person used the framework to categorize the cognitive demand of these lesson plans. 
After comparing and contrasting our results, we conducted a second round, where we coded four 
new academic tasks. In this second round, interrater reliability was 100%.  
Upon identifying the cognitive demand of the academic tasks designed by the 
participants, I created a descriptive single case write up for each case. In these descriptions, I 
focused on the broad environmental, goal and mediating representations expressed by each 
student teacher during the student teacher semester, together with the specific goal, mediating 
and environmental representations that they expressed for the design of each academic task. 
Using cross-case comparison design (Yin, 2014), I studied these three cases to determine 
commonalities and differences among the three student teachers. In multiple case studies, 
findings are presented separately for each case; each individual case is treated separately (Yin, 
2014). Following this convention, a separate case report was developed for each preservice 
teacher; then, a cross-case analysis was conducted. More specifically, the focus of the cross-case 
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comparison was to explore how the different mediating, environmental, and goal representations 
were connected with the cognitive demand of the three academic tasks designed by the 
preservice teachers.  
In chapters 4, 5, and 6, I present the results of this process. Each case presents the 
mediating, environmental, and goal representations expressed by each of the participants. This is 
followed by the description of the three academic tasks I analyzed for each preservice teacher, 
and the cognitive demand that characterized them. This also includes a more detailed description 
of the environmental representations that the participants used to evaluate the achievement of the 
goals they wanted to pursue for each learning task. Then, I provide an analysis where I draw 
connections among the mental representations of these preservice teachers and how they could 
explain the cognitive demand of the academic tasks they designed in their student teaching 
placements.  
Given that the participants were part of the same teacher education program, the 
mediating, goal, and environmental representations that they expressed during the spring 
semester were similar in the sense that they reflected some of the main pedagogical ideas they 
had learned during the program. For instance, all three of them expressed beliefs about the 
relationship between the nature of science and how students should learn science. However, 
because of the unique characteristics of the placements where these teachers worked, and the 
personal traits and experiences of the participants, there was a difference in the way they 
connected different mental representations to design learning tasks. It is in this difference that I 
focused to better understand the relationship between teacher cognition and the types of learning 
opportunities they designed to help their students learn science.  Table 3 presents the data sources 
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that I used to explore each research question and the theoretical framework(s) that I used to 
analyze them.  
Table 3. 2. Overview of Data Collection and Analysis 
Overview of Data Collection and Analysis 
Research Question Data Source 
Theoretical Framework 
Used for the Analysis 
1) What are the mediating, goal and 
environmental representations of 
preservice teachers as they plan 
for and reflect on their student 
teaching semester? 
• Weekly Reflections 
• Interviews 
• Field Notes 
• Goal-driven model of 
cognition 
2) What are the mediating, goal, and 
environmental representations of 
preservice teachers as they plan 
for and reflect on their learning 
tasks? 
• Lesson Plans 




3) What is the cognitive demand of 
the academic tasks designed by 
preservice teachers? 
• Lesson Plans 
• Curriculum Materials 
• Interviews 
• TAGS 
4) What is the relationship between 
the mediating, environmental and 
goal representations of preservice 
teachers and the cognitive demand 
of the tasks designed by them? 
• Descriptive Single 
Case Write-Up 




Validity and Rigor 
According to Yin (2014), there are three guiding principles to ensure the validity and 
reliability in case study research. The first guiding principle involves using multiple sources of 
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evidence. This included artifacts and documents (including the academic tasks), artifacts from 
the science teacher seminar, interviews, informal conversations, and observations (Error! 
Reference source not found.). Additionally, I collected and transcribed the field notes from the 
science teacher seminar.  
The second guiding principle involves creating a case study database where all the 
evidence is collected and organized. Using NVivo 11, I constructed a case study database that 
included the different sources of evidence. Throughout the coding and analysis process, I wrote 
analytic memos which I categorized according to the emerging themes. The third principle is to 
maintain a chain of evidence. In this study, I have cited a significant amount of evidence 
representing relevant sections of the case study database. This evidence can be traced back to the 
participant, the time, and data source.   
Trustworthiness and Triangulation 
Merriam and Tisdell (2016) suggest different strategies that researchers can take in order 
to increase the trustworthiness of the research findings. One strategy is the use of different types 
of triangulation. During this study, I used different methods of data collection –interviews, 
observations and documents– to explore the mediating, environmental and goal representations 
of each participant. Moreover, I used multiple sources of data that allowed me to compare and 
cross-check data collected at different times during the student teaching semester to create the 
descriptive single case of each preservice teacher. For example, I used weekly reflections 
together with field notes to infer some of the mediating representations of a participant. In order 
to add evidentiary support to this inference, I would add a question regarding that particular 
mediating representation during the interview or during an informal conversation. I would then 
review these data sources to refine the inference I had made. For overarching mediating 
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representations, I would use multiple lesson plans, together with interview transcripts in order to 
triangulate the inferences I was drawing. For example, this process was used to triangulate data 
regarding how preservice teachers understood the relationship between disciplinary ideas and 
science practices.  
A second strategy to increase trustworthiness is to try to get as close as possible to the 
participants being studied (Creswell, 2013). First, recognizing my role as an outsider, I 
purposefully spend considerable time developing rapport and trust with my participants. For this, 
I spent a full semester prior to beginning the formal study observing and getting to know the 
student teachers in a course that all prospective teachers were required to take in order to 
facilitate their comfort with my presence in the classroom (Brotman & Mensah, 2013). In 
addition, I purposefully took part in multiple classroom activities with the participants to ensure 
an extended period of engagement with the group of student teachers who were participants in 
this study. Through my prolonged interactions with the participants, I was trying to minimize the 
distance between myself and the student teachers (Creswell, 2013).  
As a final strategy to increase trustworthiness, and following the advice of Creswell and 
Poth (2018), a person familiar with the research topic used the analytical frameworks used in this 
study to analyze different parts of the data sources. As described during the Data Analysis 
section, the inter-rater reliability of the coding process was considered a reliable level of 
agreement. 
Ethical Considerations 
During the course of planning and conducting a qualitative study, researchers need to be 
aware of the potential ethical issues that might arise before, during and after the research process 
(Creswell & Poth, 2018). Prior to conducting this study, I obtained the university Institutional 
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Review Board (IRB) approval (Appendix H) to make sure my study explicitly addressed respect 
for participants, concern for their welfare, and justice. Respect for my participants was ensured 
by obtaining their signed consent to participate in this study (Appendix I). All names used in the 
study are pseudonyms; all data sources were stored in a password-protected computer using 
these pseudonyms in order to protect my participants’ identity. Moreover, I was sensitive to the 
needs of my participants. I was aware of their time constraints to discuss some of the issues 
related to my study. For this reason, I kept informal conversations short, and made sure not to 
disclose the information provided by them with either their mentor teachers or their peers. 
Role of the Researcher 
According to Creswell and Poth (2018), researchers position themselves in a qualitative 
research study. “This means that researchers convey…their background, how it informs their 
interpretation of the information in a study, and what they have to gain from the study” (p. 44). 
For this reason, I am presenting some appropriate background information. Previous to entering 
my doctoral program, I received my B.S. in Biology and Microbiology. Most of the courses that I 
took during my undergraduate had two sections, one that covered the theory and another one 
covering the laboratory aspect of it. These courses were focused on the traditional topics of a life 
science program, such as plant biology, animal behavior or fungi microbiology. After my 
undergraduate, I worked as a teacher at a private school in Bogotá, Colombia, where I taught 
Biology and Chemistry in middle and high school. Given my lack of teaching preparation, my 
notions of what good science teaching looked like were very ambiguous. For example, when I 
was applying to doctoral programs in science education, I wrote in my personal statement that 
“teaching is not just imparting knowledge. It is also about having fun, inspiring curiosity and 
fostering the students’ ability to answer questions through their own personal exploration.” It was 
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only during my doctoral studies that I began to formalize my notions of learning and teaching 
science.  
After that year of teaching and before entering my doctoral program, I studied 
Biotechnology at a university in New York City. This led me to work for two years as a research 
assistant in a laboratory where the research team worked in protein mechanics. This experience 
was a catalyzer to my decision to study science education for one main reason. As I collaborated 
with some of the best scientists in the world, who understood different scientific principles, I 
became concerned about the disconnection between their understandings of different scientific 
phenomena and their everyday life habits and decisions. For example, despite acknowledging the 
contribution of meat consumption on climate change, these scientists remained reticent to change 
their diet. I started wondering how to improve the odds of overcoming the consequences of 
climate change when even those who are supposed to understand the science behind this problem 
did not act in a more coherent manner. I concluded, perhaps idealistically, that the only solution 
had to be educating people to understand scientific principles and act accordingly.  
During my doctoral program, I became interested in the nature of science, epistemic 
cultures, scientific argumentation, and the cognitive processes that scientists use to construct 
knowledge. I was able to teach in after school programs and worked for almost a year in the 
design of NGSS-aligned curriculum for Earth Science. It was throughout these experiences that I 
found a similar problem I faced during my experience as a research assistant, in this case, the 
disconnection between teachers espoused beliefs and their classroom practices, which became 
the research focus of my study.  
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Limitations 
One of the main limitations of this study is the lack of classroom observations of the 
participants in their student teaching placements. Prior research has shown that the cognitive 
demand of academic tasks changes as they are enacted in the classroom (Stein et al., 2009; 
Tekkumru Kisa & Stein, 2015). However, Stein and coworkers argue that although high 
cognitive demand tasks can turn into low cognitive demand once they are enacted in the 
classroom, low cognitive demand tasks do not become high cognitive demand during their 
implementation with students. In other words, designing high cognitive demands is a prerequisite 
for effective implementation.  
I took several measures in order to overcome this limitation. First, I used stimulated recall 
interviews (Nespor, 1987) during which I asked participants to describe what had taken place 
during the enactment of particular academic tasks. Second, I used the artifacts that their students 
created during these tasks, together with the scaffolds and rubrics that these preservice teachers 
used during the implementation of these learning activities. For example, the construction of 
almost identical artifacts (or answers) by the students is a reflection of the lack of ambiguity of 
the task (Doyle, 1983), which in turn is a proxy for low cognitive demand. Moreover, as 
described in Chapter 2, some scaffolds limit the cognitive processes that students use during a 
learning activity. The use of step-by-step scaffolds, for instance, are characteristic of scripted 
tasks, where students can follow to reach an expected outcome (Tekkumru-Kisa et al., 2014). 
Thus, the nature of the scaffolds, and the complexity of the artifacts students created were used 
as proxies to make inferences about the cognitive demand of the tasks.  
Clearly, the participants of this study are not representative of the larger student teacher 
population and the characteristics of the field experiences that novice teachers have. As 
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mentioned before, participants were selected because of the relative freedom they had to design 
their own academic tasks or to adapt their mentor teachers’ ones. This was an important criterion 
because I was investigating the (dis)connection between teachers self-reported beliefs and their 
practices. In this study I focused on one teaching practice in particular, the planning and design 
of academic tasks, which is considered an important teaching skill that novice teachers need to 
develop as part of their preparation. Therefore, including participants who were significantly 
constrained to make curriculum design decisions during their field experience would have not 
allowed me to investigate this relationship. Moreover, the goal of this study was not to draw 
conclusions about preservice teachers practices in relation to their mediating, goal and 
environmental representations, but to show that the relationship between preservice teachers’ 
beliefs and practices can be better understood when considering the goals that they set to pursue 
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 Chapter 4: Findings  
The next three chapters (Chapters IV, V, and VI) address the three specific research 
questions regarding: 1) the mediating, environmental, and goal representations that teachers 
express as they plan for and reflect on during their student teaching semester, 2) the cognitive 
demand of three learning tasks that preservice teachers designed at the beginning, middle, and 
end of the student teaching semester, and 3) the relationship between mediating, environmental, 
and goal representations and the cognitive demand of the learning tasks designed by preservice 
teachers. In the these three chapters I combine the various data sources discussed in Chapter 3 to 
address the research questions I aimed to answer in this study. Findings are presented as mini-
cases of each of the preservice teachers in the study. Each mini-case starts with an introduction 
of the student teacher, their placement and cooperating teacher, and ends with an analysis of the 
different representations in relation to the cognitive demand of the learning tasks of each 
preservice teacher.  
Preservice Mini-Case #1: Laura 
Introducing Laura. At the time of the study, Laura was an American born 24-year-old of 
Colombian-Italian heritage. She grew up in a suburban area outside Whole City, where she 
attended catholic schools, from pre-kindergarten to high school. As a science learner, Laura felt 
engagement with science for the first time during 7th grade in Ms. Peel’s class, who would start 
the class with “weird questions” that triggered students’ curiosity and engagement. During high 
school, Laura had the opportunity to study molecular medicine in Cambridge, England, as part of 
a summer camp. This experience, together with her inspiring living environment teacher, 
solidified her love for biology. After graduating from a prestigious institution with a science 
major, Laura joined a social evolutionary genetics laboratory where she conducted research 
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focused on the relationship between the physiology and behavior of ants. As part of her work 
study, Laura also tutored children in reading and mathematics during her undergraduate years. 
After graduating, Laura worked at a neuroscience laboratory for a year. Although she enjoyed 
doing research and collaborating with people from other disciplines, Laura’s experiences with 
children were the catalyzer to become a science teacher. 
Laura was assigned to student teach with Mr. Cooper in 9th grade Living 
Environment/Biology 101 course at Green High School, located in Whole City. Green High 
School had a student body of 373 students, 83% of whom were classified as primarily African 
American, 13% Hispanic, 2% White, and 1% Asian. The majority of students (85%) were 
eligible to receive free lunch. The school followed the State Learning Standards and Core 
Curriculum. Students were required to take the State Regents exams. In order to sit for the Living 
Environment Regents, students had to complete several state mandated labs. 
Mr. Cooper developed a positive rapport with the students, which according to Laura 
created a classroom environment where they felt comfortable and safe (Field notes, week 3). 
Laura expressed that Mr. Cooper’s teaching methods were “traditional for the most part, with 
like a dash of constructivism” (Laura, Interview), characterized by him talking for most of the 
time, and once a week, engaging students in a hands-on activity. Laura was the first student 
teacher that he had mentored. Although he did not provide her feedback that could help her 
improve her pedagogical practices to design and enact more effective inquiry-oriented learning 
activities, he gave Laura valuable advice on “how to mentally stay the same in the field” (Laura, 
Interview). 
The Biology 101 portion of the course that Laura was teaching was sponsored by a local 
college through a collaborative program between Whole City University and the Whole City 
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Department of Education, designed to help high school students transition to college by 
strengthening academics and promoting college awareness. Laura taught two 45-minute classes 
per day, five days a week; the classes consisted of 30 students. The classroom had access to an 
electronic whiteboard, PowerPoint, online resources, laptop cart, and a science lab. However, 
Laura also expressed the difficulty of using these resources. For example, the school had no 
paper to print the handouts, and the computers were not in the right condition to engage students 
with these tools.  
Laura’s mediating, environmental and goal representations. 
Laura’s goal representations. In terms of lesson planning, Laura’s mentor teacher was 
“very hands off…and like, do what you want, go ahead, try it out, you know, trial and error” 
(Laura, Interview). Although Laura appreciated this creative freedom and the feedback her 
mentor teacher would provide her when she asked him, she wanted more structure and 
scaffolding to plan and enact her lessons. Laura is an important case because most of her lesson 
plans were designed or chosen by her.  
For Laura, it was important that students took notes during class. In Laura’s opinion, her 
students need the background information before they could do the activity. Moreover, Laura 
recognized the importance of helping her students develop the vocabulary that was not only 
important to participate in the “fun” tasks that she had designed, but also, because her school was 
accountable to the grades students got in standardized tests. In the words of Laura: “To be 
perfectly honest, they are not the students who will go home and open the textbook, ever, so I 
know that one way they are going to get the vocab they need for the exam is through the little 
mini lesson I do for like 10 minutes at the beginning of class” (Laura, Interview).  
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Laura described that teachers at her school had low expectations for the students. Laura’s 
mentor teacher, in her opinion, would not try to challenge his students. In contrast, Laura felt that 
her goal was to help her students to think like scientists. Laura struggled to keep a balance 
between the classroom practices that her students were used to, and her goal. On one hand, Laura 
recognized that students “need to kind of feel what is like to do something a little bit outside of 
their comfort zone” (Laura, Interview). On the other hand, she admitted that because her students 
were used to be told what to do, they needed scaffolding to achieve her goal, and that step-by-
step protocols could serve that purpose.  
One of Laura’s main goals as a teacher was shifting students’ ideas of and about science. 
According to Laura, by the time she started her student teaching, her students had not had 
meaningful learning experiences in the science classroom. Laura commented that:  
None of them had written um, a lab report with the conclusions, or put a graph, 
yeah, so I was kind of okay guys, we are gonna try it, here is, you know, a scaffolded 
version, we are gonna get you there, because [my mentor teacher] never did it with them. 
(Laura, Interview)  
However, at the end of the semester, Laura expressed her skepticism about the feasibility 
of achieving this goal. In this regard, Laura commented that: 
It's difficult to get these kids who are new to this way of thinking because they are 
used to be like spoon-fed ideas and vocabulary, so to try get them think outside the box 
it’s pretty tricky. That’s is something that I am still not sure how to go about. (Laura, 
Interview).  
For Laura, it was equally important that her students developed a joy for science. In fact, 
when asked about a learning activity where she felt she had accomplished her learning goals, she 
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mentioned a class where students were “super calm, and super into the lesson” (Laura, 
Interview). Laura described how students were clearly excited about the activity, and how most 
of them were engaged with the material. Moreover, she mentioned that her students were excited 
to see something different, like “I had set up the class with all the crackers on a desk and they 
were like oh my god, can we eat the crackers, and I was like yes!” (Laura, Interview). Similar to 
other teachers in her cohort, student excitement was an important criterion that Laura used to 
evaluate her own lessons.  
Another goal for Laura as a teacher was to help her students to be able to come out with 
testable questions about a scientific idea and be able to test it themselves. However, Laura also 
recognized that getting her students to be able to design experiments to explore their own 
questions was challenging, in particular considering that students also had to learn curricular 
objectives set by the school. For this reason, throughout the semester, Laura focused on getting 
students “understand what a variable is, what do you mean by a control variable, it’s just new for 
them, and I try to get that in their heads” (Laura, Interview). 
One of Laura’s biggest challenges was captivating students’ interest in the materials she 
designed. She attributed this lack of interest to several factors. First, Laura mentioned that her 
students believed there was no point in learning science since they believed they were not going 
to enter into science-related fields. Second, Laura suggested that a lack of interest in school 
activities was a common denominator of teenagers, “who just want to talk and text.” For these 
reasons, Laura had developed the goal of helping her students “see that scientists could be 
anyone, like you could be any age, you could have any gender, you could be any race…not just 
white guys in lab coats” (Laura, Interview).  
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As can be seen, the context played an important influence defining Laura’s pedagogical 
goals and practices. In particular, the lack of exposure that students had to meaningful learning 
experiences with science coupled with a school culture that prioritized preparing students for 
standardized tests led Laura to design learning activities where students could experience, in 
Laura’s opinion, more authentic opportunities to learn science.  
Laura’s mediating representations around the nature of science. Laura developed her 
own implicit notions about the Nature of Science throughout her experiences as a researcher 
before entering the teacher education program. It was during the teacher education program that 
Laura had the opportunities to externalize these understandings and connect them to the teaching 
and learning of science. Before entering the program, Laura had never been asked by her peers, 
professors or teachers what science was, and the characteristics that defined science as a unique 
human endeavor. She commented that she wanted to take the ideas about NOS that she had 
learned in the program and use them as the “backbone” of her classroom…to keep it in the 
forefront of students’ minds (Laura, Interview). According to Laura, this entailed having different 
epistemic considerations with the students: 
Why should we be thinking, why is this statement scientific, and why is this 
statement not scientific, because in today’s society we both know there is people out 
there who are trying to propagate ideas that maybe aren’t as true as they should be, and 
it’s an issue. So, to know, to understand what science is, I think it’s helpful to, um, having 
people think scientifically, because I think it is important”. (Laura, Interview) 
For Laura, there was a relationship between NOS and learning science. Laura recognized 
that by understanding that science could be subjective and open to change, students could 
recognize that experimental errors happen in science. Interestingly, when reflecting about her 
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past experiences as a science learner, Laura mentioned that despite being exposed to hands on 
activities to learn science, these experiences lacked the “NOS elements.” She also stated  
Maybe in that traditional setting, you don’t really need the nature of science 
because they are giving you the answers anyway, but if you are gonna have students 
really kind of doing experiments and coming up with things, they need to know how they 
should be operating. (Laura, Interview)  
Laura recognized the difficulties of engaging students in authentic scientific work when 
she was accountable for covering the content that her students were being assessed in the state 
standardized test. Although Laura recognized the limitations of scripted tasks to help students 
learn NOS as she envisioned, she considered that these tasks at least could help her students start 
thinking about the different elements of NOS, such as the importance of experimental controls.  
Laura’s mediating representations around the relationship between practices and 
content. Laura described different potential purposes that scientific skills had in relation to 
learning scientific ideas. First, Laura mentioned that they provide opportunities for students to 
engage with the concepts of the lecture at a deeper level. In this case, these inquiry activities 
require that students use different senses, and in that way, they could explore a concept from 
different perspectives. Laura also mentioned that some practices are important because they 
foster the discipline of sitting to read an article and find important information from it, which 
according to Laura, was the same kind of discipline that students needed to sit to respond 
standardized tests. Third, Laura mentioned that some learning tasks, such as asking students to 
read and analyze a text, were authentic because they were also part of what scientists do, “like 
reading someone else’s paper that they published, analyze it, looking for bugs” (Laura, 
Interview).  
  84 
Laura’s mediating representations around collaborative work. Laura experiences as a 
science learner were characterized by individual work and quiet reading; being a good student 
was a synonym for “independent learner.” Not surprisingly, at the beginning of Laura’s student 
teaching semester, she mentioned that one of her goals was “to help students reach an 
independent level with their investigations” (Laura, Reflection, week 1). Laura mentioned that 
when she entered the program, one of the most significant ideas that she learned was the 
importance of collaborative work, which was encapsulated in the “the whole constructivist way 
of teaching” (Laura, Interview). At the end of the semester, Laura considered collaborative work 
as essential for the development of social and communicative skills; however, she described 
these skills in a domain-general manner. For example, although Laura recognized the importance 
of communicative skills, she did not specify which communicative skills were unique to science 
and thus, essential to meaningfully participate with others in the classroom. Overall, Laura 
believed that when students work together, they bring diverse ideas and skills, which allow them 
to support each other when trying to solve a problem. This change of perspective was evident in 
her lesson plans, where she included more opportunities for students to work together; Laura did 
not provide social scaffolds to help students understand the norms for participating in science.  
Laura also admitted that her vision of constructivism was an idealistic version of 
collaborative work. Through her experiences in her placement, Laura learned that students also 
brought different dispositions to work in group, and “there could be some conflicts with that, 
because some students just don’t want to help the group, don’t want to participate” (Laura, 
Interview). Laura used this belief to justify the importance of investing time getting to know her 
students in and outside the classroom. Laura commented that knowing her students better 
  85 
allowed her to organize groups where students with different traits were together to support each 
other.  
Laura’s mediating representations around culturally relevant teaching. Laura’s 
perspective about Culturally Relevant Teaching (CRT) highlights some of the struggles that she 
had when trying to teach “something more authentic to scientific inquiry” in a classroom where 
students are used to traditional ways of engaging with the material. For example, one of the first 
descriptions that Laura wrote about CRT stated that for her, it meant: 
Teaching that incorporates the interests, values, and everyday experiences of the 
students to whom you are teaching. It involves getting to know the students, being open 
to their opinions, and listening to what students have to say. Over time, the teacher can 
begin to understand the community of her students, from their home lives, to their friend 
groups, to the overall environment of the school. With this knowledge, the teacher can 
create lessons that are reflective of her students which can help to motivate and engage 
students. (Laura, Reflection, week 6) 
This view focuses mainly on the students and her recognition of the importance of 
incorporating students’ ideas and experiences into the learning activities she designed. However, 
during a discussion about CRT in the science methods course, Laura discussed that CRT was not 
only about helping her students feel safe and confident in the classroom so they can be “their 
best selves”, but to be “the best selves in science” (Field notes, week 6). She added that her goal 
as a science teacher was to help her students to be good at science while feeling comfortable in 
the classroom. In her opinion, achieving this was possible by designing lessons that pushed 
students to think like scientists while using students’ previous traditional experiences in the 
science classroom.  
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For Laura, one of the main struggles as a novice teacher in a new setting was finding 
ways to disrupt the current traditional practices of the classroom that students were accustomed 
to and challenge them through more engaging learning tasks. Moreover, during a casual 
conversation with Laura, she mentioned that she believed it was possible to be more ambitious 
and to have students doing authentic scientific work, which, according to her, required 
scaffolding. Therefore, Laura considered that CRT had to bridge the practices of the science 
classroom with the practices of the scientific community. 
Laura’s mediating representations around language. Laura described, in a domain-
general manner, the difficulties that students had with scientific language. For example, Laura 
mentioned that among the possible language demands that her students may have is that they 
might be:  
English Language Learners, below the reading level for their grade, or they may 
have a reading disability such as dyslexia. Other students may have difficulty speaking 
aloud in the classroom such as if they are very shy or suffer from an anxiety disorder. 
Some students may also have a language or speech disorder and may have difficulty with 
phonology, morphology, syntax, or using or producing language in a functional manner. 
(Laura, Reflection, week 1) 
In several of Laura’s lesson plans, she would describe the way students were going to use 
language (writing, listening, speaking, reading) as domain-general actions. For example, she 
would include statements such as “students will provide written feedback to a peer.” This 
feedback, however, was focused on the aspects of the peer’s work that students had liked, or 
what they thought the peer could have improved. From the three lesson plans reviewed, Laura 
did not include the disciplinary focus that framed how to engage students with this language-
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related actions. For instance, providing feedback from a science perspective could include 
considerations of whether and how a peer used the main underlying scientific idea to connect a 
main claim with evidentiary support included in a written argument. In other words, Laura did 
not use epistemic considerations to scaffold the use of language in the classroom.  
 
The way Laura considered the difficulties with scientific language was also influenced by 
her own personal experiences in the science classroom as a learner. Laura remembered how, as a 
shy student, she barely had the opportunity to share her ideas. Her teachers did not provide her 
alternative means to express her ideas other than through public speaking. Laura hoped that 
despite the difficulties or ease that students have to express their ideas, all of them could 
gradually develop the ability to share their ideas with their peers publicly. Laura used this idea to 
justify the use of reading comprehension tests. For Laura, a way to help students overcome their 
difficulties with scientific language was by providing them with multiple representations of the 
same idea, or with alternative versions of the same material.  
Laura’s mediating representations around students’ misconceptions. For Laura, 
misconceptions were a concept that changed the way she saw teaching. Considering students’ 
misconceptions meant that 
Instead of throwing everything about a topic at the student, kind of start at their 
level, what do they know, and, and what are their conceptions about something, what are 
naive conceptions, and what are their misconceptions, and to like, take that, and work 
with that. (Laura, Interview).  
Moreover, Laura commented that misconceptions were either “bad or good”, but a 
“powerful and useful starting ground” that she could use to make her lessons more effective by 
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helping students realize that the natural world worked in a way different to what they used to 
think. The way that Laura viewed misconceptions seemed to be a broad principle that she used to 
design her own lessons, and to design formal and informal assessments to gather information 
about goal achievement.  
Laura considered that being aware of students’ misconceptions and prior knowledge 
served important pedagogical purposes.  For example, students’ misconceptions provided Laura 
information that according to her helped her design more effective learning activities. Moreover, 
Laura stated that being aware of students’ prior knowledge was important to avoid teaching 
concepts that students already understand while also helping them learn new ideas. In fact, at the 
beginning of each unit, Laura collected information of students’ prior knowledge related to the 
topic at hand. This information focused on how students understood different aspects of NOS 
(e.g., the role of evidence in science, the social structure of the discipline) and their content 
knowledge.   
Laura also justified her efforts to connect with her students inside and outside the 
classroom as a way to collect valuable information related to their prior knowledge and 
experiences. Laura mentioned that by having a better understanding of her students’ 
backgrounds, she could incorporate more of their ideas into her lessons, which she hoped her 
students would regard as a reflection of how much she cared about their input.  
In addition, Laura saw a direct link between constructivist teaching and the use of her 
students’ prior knowledge and backgrounds. According to Laura,  
When students sense that a [constructivist] teacher is interested to find out what 
they know, and [they] see that the teacher is incorporating their thoughts and ideas into a 
lesson, they will be more receptive to the lesson, feel more connected to the teacher and 
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the classroom, and have a higher chance of engaging in the lesson. (Laura, Reflection, 
week 3)  
The week in which Laura wrote this reflection, she incorporated into her first lesson a 
KWL chart; she collected these answers to have a sense of what students had learned during the 
class. She also used this information to plan what she was going to teach the following class. 
Therefore, her ideas about misconceptions and prior knowledge helped her frame one of her 
goals for that class, which was to collect evidence of students’ prior knowledge and 
misconceptions. 
Table 4. 1. Summary of Findings for Laura 
Summary of Findings for Laura 
Task 1 Task 2 Task 3 
Goals: 
• Analyze scientific 
vaccines-related texts. 
• Interpret texts and 
gather evidence.  
• Write an argument in 
support of vaccination. 
• Learn the role of 
evidence to support 
scientific claims. 
Goals: 
• Understand the concept of 
heart rate. 
• Learn how to design an 
experiment. 
• Prepare students for the 
state mandated lab. 
Goals: 
• Construct a model of 
DNA to visualize 
complementary base 
pairing.  
• Identify the building 
blocks of the DNA 
molecule 
Cognitive Demand: 
• Level 4 - Guided 
Integration. 
Cognitive Demand: 
• Level 2 - Scripted 
Integration. 
Cognitive Demand: 
• Level 2 - Scripted Content. 
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Analysis of the cognitive demand of Laura’s lesson plans.  
Learning task 1 (week 3). For this learning task, Laura stated the activities that students 
were going to take part in, instead of stating the learning goals that she was trying to accomplish. 
For the first activity of this learning task, Laura had decided that her students were going to 
analyze a scientific text in order to assess the validity of a scientist’s argument based on the data 
and evidence provided. Second, students were going to interpret the situation presented in the 
scientific text and explain their views on the proceedings of the scientific community. Finally, 
students were going to organize and synthesize the components of an introduction to an 
argumentative essay on vaccines (Laura, Lesson Plan, week 3). There were two questions that 
Laura stated as her central focus: “How do we use evidence to support claims in science?” and 
“How do we write an argumentative piece in science?” This was a three-day academic task. 
During the first day, Laura and her students talked about the importance of evidence and NOS. 
The second day, students read out loud a scientific paper related to vaccinations. On the third 
day, Laura provided students with handouts and supporting materials intended to help them 
complete the writing task. The final essay, according to the rubric that Laura provided to her 
students, had to include five paragraphs. 
During the interview at the end of the semester, when I asked Laura about what she was 
trying to accomplish by engaging students in this learning activity, several additional goals for 
the use of practices became evident. For this learning activity, Laura had assigned different 
readings that students had to use to extract information that could support their argument in favor 
of vaccination. Laura commented that this goal was “more literary based” since students “had to 
look at different articles, read them, and synthesize sources to understand how vaccines work” 
(Laura, Interview). In other words, one of her goals for engaging students in “interpreting, and 
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processing information from a variety of source” was to help them advance their writing and 
reading skills while making sense of a scientific idea. A second goal, according to Laura, was 
having students to take on a role of a scientist or a doctor…putting on an identity and see how it 
feels” (Laura, Interview). In this second case, Laura mentioned that the role of scientists was not 
to convince people or to tell people what to do, but to educate the public by “spreading 
information.” Laura discussed that although she could have had her students debating about 
vaccination, she firmly believed that everyone should get vaccinated. For this reason, Laura 
decided that the goal of the activity was to “talk about vaccines and say why they are good.” This 
led to her third goal, which was to use the arguments written by her students as artifacts to assess 
their understandings about how vaccines work and why vaccination was important.  
Considering it was Laura’s first week teaching, this was an ambitious academic task. 
Laura recognized the potential challenges that students were going to face. As a result, she 
provided students with different scaffolds to guide their attention to the aspects of the lesson she 
considered important. For example, in order to facilitate the writing task, Laura provided a 
handout that prompted students to introduce themselves, describe what a vaccine was, describe 
how a vaccine worked, and to state their claim about vaccines. In this case, students needed to 
write an argument to convince an anti-vaccine group about the importance of vaccinations. 
According to Laura, this was the first time that her students had to gather information they could 
use to write a scientific argument supporting a particular point of view. As a result, Laura 
provided scaffolds that prompted students to look for evidence that supported arguments against 
and in favor of vaccinations, without explicitly telling students what to do. Also, Laura pre-
identified articles students could use to focus on central ideas around vaccines and vaccination. 
Given these characteristics, this task was categorized as a guided integration task. In this case, 
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this task enabled students to productively engage in the scientific practice of argumentation, by 
deciding which evidence supported the importance of vaccination and evaluating the validity of 
the evidence against vaccination.  
Laura designed different instruments to collect information in order to evaluate the 
achievement of the learning goals. This included the written argument that students wrote, and 
their written answers to a questionnaire asking them “How is it possible for scientists to present 
two different results” and “Which results should we support? Why?” From these artifacts, Laura 
focused on the evidence that students used to support their arguments, the connections they draw 
between the evidence and the main argument, the overall organization of the essay, and whether 
they recognized the role of evidence to support or weaken an argument. Moreover, when 
reflecting back on the achievement of the learning goals, Laura expressed her concerns about the 
lack of participation and engagement with parts of the tasks. For instance, Laura wrote: 
Even though we spent the week reading articles and finding evidence in support 
of vaccines that students can use in their essay, I feel that some students are still not 
comfortable writing the essay. More scaffolding, working on having better engagement in 
class, perhaps a shorter essay length requirement as some areas that perhaps could help 
students complete the assessment. (Laura, Lesson Plan, week 3) 
Therefore, Laura’s reflection suggests that besides providing scaffolding to facilitate 
student participation and engagement, she considered making the task “easier” (i.e., lower 
cognitive demand) to the students in order to achieve her goal of fostering student comfort with 
the activities.  
Learning task 2 (week 6). According to Laura, for this task students conducted a series of 
hands-on investigations in which they asked questions, made predictions, and designed and 
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conducted an experiment in order to explain how the circulatory and muscular systems were 
coordinated to maintain equilibrium in the body. The learning goals for Laura were to help 
students understand the concept of heart rate as the number of times the heart beats per minute, 
and that data tables and graphic representations helped scientists analyze and communicate 
information in science. 
An additional goal Laura had with this learning task was to prepare students for the state 
mandated labs they were required to complete as part of the mandated standardized state test. 
More specifically, Laura’s goal was that her students could design their own experiments to test 
two competing claims. The handout that accompanied this mandate included a step-by-step 
procedure students could follow to conduct the investigation. Laura used students’ responses 
from this handout as evidence to monitor her goal achievement.  
Before enacting this lesson, Laura mentioned she was still unsure how to “scaffold the 
learning” so her students would be able to complete the last part of the assignment, where 
students had to design their own experiment to test two competing claims about muscle fatigue 
(Field notes, week 6). Laura struggled to find a balance between her mentor teacher’s suggestion 
to use the step-by-step protocol included in the handout with the students, and her own goal of 
helping her students design their own experiment. One of her main concerns was that her 
students were going to feel overwhelmed when trying to design their own experiment. As a 
result, she decided to use the original handout and designed a graphic organizer as an additional 
support for the students.  
During the enactment of this learning task, Laura focused on helping her students 
understand and follow each of the handout’s steps, making sure they completed the activity 
while also letting them make their own hypotheses. In this regard, Laura commented that the 
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majority of her students “responded well to the freedom they had in the lesson”, although she 
also noticed students who were visibly frustrated or not contributing to the group work. Laura 
also concluded she needed to find ways to facilitate the participation of all of her students, not 
just those who could “think quickly” or “make connections easily” (Field Notes, week 6).  
This learning activity was categorized as a scripted integration task: Students were 
supposed to engage in planning and carrying out an investigation. After obtaining the expected 
data, students had to identify patterns and explain their existence or absence from their results in 
the context of the circulatory system and its role in homeostasis. By looking at the similarity of 
students’ responses in the artifacts they developed, and the lack of connections between the 
concepts that were the focus of this activity and their experimental designs, it was clear that 
following the protocol and guiding questions included in the materials lead students to reach the 
expected answer without making sense of the central ideas or how sources of error in the data 
could be identified (NRC, 2012).  
Learning task 3 (week 8). The learning goal stated by Laura in the lesson plan was that 
“students will be able to construct a model of DNA in order to visualize a complementary base 
pairing” (Laura, Lesson Plan, week 8). Laura included more specific learning goals related to the 
main concepts of the lesson, such as “The basic building block of DNA is the nucleotide which 
consists of a deoxyribose sugar, a phosphate group, and a nitrogenous base” (Laura, Lesson Plan, 
week 8). 
Laura usually started all her lessons by giving a “mini lecture” using a presentation 
projected on the board. The goal of the presentation was, as mentioned before, to provide 
students with the concepts and vocabulary that they were going to need to work on the activity 
following the lecture, and to become familiar with the concepts that were evaluated in 
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standardized tests. For this learning task in particular, Laura began by presenting a brief 
historical account of the discovery of the structure of DNA, highlighting the work of Rosalind 
Franklin. One of the reasons for Laura to include the history behind the discovery of the structure 
of DNA was to help her students “understand that science is a very human endeavor, and part of 
that is like reflecting the history” (Laura, Interview). After discussing with her students the 
importance of gender in science, and NOS, she talked about the structure of DNA, its 
components, base pairing, and DNA replication.  
For the last part of the activity, students had to construct their own models of DNA 
molecules using miscellaneous candies provided by Laura (twizzlers, gumdrops, toothpicks). 
Laura commented that she had two goals for engaging students in this modeling activity. First, 
Laura considered that it was important that her students understood what a model was, and how 
they were tools used to “represent something that is not always easy to see” (Laura, Interview). 
Second, Laura wanted her students to have the “freedom” to design their own models.  
In order to monitor the goal achievement of this learning task, Laura went group by group 
asking students what each part of their models represented in the actual structure of a DNA 
molecule, and whether the base pairing was right or not (Laura, Interview). Although it is 
possible to build a DNA model in multiple ways with the materials provided by Laura, all groups 
constructed an almost identical models at the end of the activity.  
Laura recognized the limitations of the ‘candy model’ to represent the actual DNA 
molecular structure. Nevertheless, she considered that it was important her students worked with 
models because they were “useful to represent something, you know, that is not always easy to 
see, or breaking it down to a smaller level.” Therefore, the goal of engaging students with this 
modeling activity was to reinforce their understanding of the structure of DNA. Laura was very 
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impressed by some of the DNA molecule models that students constructed, in particular, with 
those in which students decided to “twist” the model, so it looked more similar to the original 
model developed by Watson and Crick. For Laura, the importance of constructing a model in this 
learning task was that it provided students with a three-dimensional object that they could also 
touch, see, and assemble, using pieces that represented the components of a DNA molecule; a 
printed image of the model lacked these affordances, according to Laura (Laura, Interview).  
This task was evaluated as a Scripted content task: In order to solve this problem, 
students just needed to put together the candies into a structure that resembled the one shown in 
their handouts. Students did not use these models to make predictions, or to deepen their 
understanding of DNA replication. Moreover, students did not reflect about the ways in which 
models were used in science, nor they had to discuss the limitations and precision of the models 
they constructed (NRC, 2012).  
Analysis of Laura’s representations in relation to the cognitive demand of her 
learning tasks. The cognitive demand of Laura’s learning tasks analyzed here was scripted 
content, scripted integration, and guided integration (Figure 4.1). According to the TAGS, there 
is a significant difference in the level and kind of reasoning required for students to successfully 
accomplish these tasks. This does not mean that the tasks with a lower cognitive demand that 
Laura designed were inappropriate for the particular topic and context in which she taught. 
However, a look at her stated goals, the information she collected to reflect on the goal 
achievement of her lessons, and the mediating representations that guided her instructional 
decisions can help us understand this variation better.  
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Figure 4. 1. Visual representation of the cognitive demand of Laura’s academic tasks 
Surprisingly, the first academic task that Laura designed was also the one with the highest 
cognitive demand. For this task, Laura had goals for what students were going to do, as opposed 
to what they were expected to learn. These goals had an epistemic focus since students had to 
evaluate sources of information and select evidence that supported the position in favor of 
vaccination while addressing the arguments of anti-vaccination groups. Different to the 
following lessons, student engagement with the scientific skills was explicitly intended to deepen 
their understanding of vaccinations and the role of evidence in the construction of scientific 
arguments. In addition, it was clear from this analysis that by focusing on helping students 
understand the norms that scientists use to evaluate knowledge claims, Laura provided more 
opportunities to her students to work on their own ideas. In other words, students had more 
agency during the learning task when Laura’s goals included epistemic considerations that 
students used to engage in a scientific skill in order to deepen their conceptual understanding. At 
the end of this learning task, Laura recognized that it had been a challenging experience for her 
students. Perhaps one of the most significant results from this learning task is that Laura 
concluded that she needed to provide more scaffolding to make sure all her students could 
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participate in the activities and to foster their excitement during the lesson. As a result, the 
following lessons included more scripted procedures, which are related to a decline in the 
cognitive demand of the tasks that followed.  
The second learning task, categorized as scripted integration, Laura provided a step by 
step procedure to help her students “design” their own experiments. Laura recognized that 
following step by step procedures was not an authentic scientific practice. However, she also 
recognized that being this the first time students were going to engage in experimental design, 
they were going to need additional support. This learning task highlights two challenges Laura 
had for translating her ambitious vision about teaching and learning science. First, it was difficult 
to engage students in the use of science practices when they had not had authentic experiences 
with science. Second, it was difficult to devote enough time for exploring a topic when one of the 
goals of the school was preparing students for standardized testing. As mentioned before, the 
step-by-step protocol that students had to use and the additional scaffolding that Laura provided 
to her students were the result of Laura’s goal to prepare students for “test prep.” Laura used 
students’ lack of practice with experimental design and the need to prepare them for standardized 
testing as environmental information to design this lesson. Laura was aware that expecting 
students to design their own experiment after a class period was an unrealistic goal, and thus, she 
focused on helping her students to be able to complete this task.  
Laura expressed her frustration with the disciplinary issues that she faced in her 
classroom. The constant disruption of her lessons by her students was a sign they were not 
engaged with the material. As a result, Laura payed special attention to the way students 
responded to the activities she had designed, and whether they seemed engaged and comfortable 
throughout her lessons. As can be seen in the environmental representations Laura used to 
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evaluate goal achievement, she focused on students’ overall response with the activity. For 
example, the third learning activity analyzed here, categorized as scripted content, reflected 
Laura’s goal to design lessons where her students felt engaged. According to Laura, by using 
candies, students could be more engaged with the activity since they could eat their models at the 
end of the activity.  
In terms of scaffolding, the goal of Task 3 was the opposite compared to Task 2. Laura’s 
goal of allowing her students to have the “freedom” to design their own models meant that she 
did not need to provide scaffolding to prompt students to focus on the salient aspects of the 
model. This lack of scaffolding meant that students did not have to design a model and consider 
the constrains and affordances it had as a representational tool, or how models are used by 
scientists to develop explanations about natural phenomena.  
As mentioned before, Laura developed a sophisticated view around NOS during the 
teacher education program. What is more significant about her views regarding NOS, is that she 
was able to operationalize this mediating representation into tangible goal representations. For 
example, Laura’s goal was to use the elements of NOS as the backbone of her lessons. This 
meant, for example, designing opportunities for her students to evaluate the reliability of the 
evidence supporting knowledge claims. Laura also included case studies where her students 
evaluated the influence of gender and race in the history of science. In one of her classes, for 
example, Laura included a discussion of the movies ‘Hidden Figures’ to discuss the role of 
African American Women in the progress of science and technology in the U.S. The evidence 
also suggests that Laura was able to translate her NOS mediating representation into goal 
representations for some science practices but not for others. For instance, Laura was able 
include epistemic criteria that students had to consider when participating in the construction of 
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scientific arguments. However, Laura had difficulties operationalizing her NOS mediating 
representation into the use of skills related to modeling and experimental design.  
 A similar case was found with her mediating representations related to collaborative 
work and language. Laura believed that collaborative work was essential to help students 
develop social and communicative skills. However, as it was mentioned before, Laura described 
the nature of collaborative work and communicative skills in domain-general terms. In other 
words, Laura did not specify the communicative and social skills that were specific to science. 
As a result, Laura had difficulties translating her vision constructivism into activities that could 
foster the development of social and communicative skills specific to science. This difficulty was 
also evident in the type of scaffolding, or lack of it, that Laura provided to her students to support 
their engagement during the activity. For instance, during the modeling activity of Task 3, Laura 
provided no support or scaffolding. Although her goal was to allow her students decide by 
themselves how to build the model, she also wanted to use this activity as a way to reinforce the 
concept they were learning.  
For Laura, scaffolding student participation was the key for transforming the norms and 
practices of a traditional classroom into the kind of participation where students had the agency 
to ask and explore their own questions. However, it was the nature of Laura’s scaffolds that 
turned a task of high cognitive demand into one of lower cognitive demand. In other words, it 
was in the scaffolding, or the absence of it, where the cognitive demand of the learning tasks that 
Laura designed declined.  
Laura’s scaffolding was intended to help students complete a task. More specifically, 
Laura would provide students with prompts that could help them finish, individually or in group, 
the task at hand. However, these scaffolds were not intended to prompt students to focus on 
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central features of their investigations in a way that supported critical engagement with the 
activity or to engage in scientific tasks with a higher degree of sophistication. The scaffolds 
provided by Laura did not structure experiences to draw attention to elements that could help 
students understand how scientific knowledge is constructed within a community, but to focus on 
narrow steps that could help them reach the expected outcome (i.e., the curricular goals of the 
school).  
  
  102 
 Chapter 5: Findings 
Preservice Mini-Case #2: Tessa 
Introducing Tessa. At the time of the study, Tessa was a 23-year-old Korean-American 
female who grew up at a suburban area outside Whole City. Tessa’s passion for science started 
during her school years when she realized she “was pretty good at math” and excelled in 
chemistry class during high school. Tessa was also very good at spatial visualization; combining 
chemistry with spatial visualization helped her understand what was happening at the molecular 
level in many chemistry-related phenomena. Her proficiency with chemistry gave her the self-
confidence to take all the AP science courses offered at her high school. After graduating from 
high school, Tessa was accepted at a prestigious institution, where she studied biomedical 
engineering.  Most of her coursework focused on biochemistry, physics, quantitative biology, and 
“a lot of calculus” (Tessa, Interview). According to Tessa, most of her education was traditional, 
…like, lecture, stand on the board, read the textbook. My school was very like 
drop you in the water and see if you float kind of type. Um, and then they had certain labs 
that are like do this and see if it works. (Tessa, Interview)  
During her undergraduate education, Tessa volunteered at a charity, where she took part 
in the afterschool science programs. It was through this experience that she realized she enjoyed 
teaching, which cemented her decision to become a science teacher. 
Tessa was assigned to student teach with Ms. Olson in an honors level class (9th and 10th 
graders) at Village Public School in a suburban area outside Whole City. Most of the students 
came from affluent families; 80% were Caucasian and the remaining 20% was composed mainly 
by Asian students. Different to many students at public schools in Whole City, the students at 
Village Public School did not have to take the regents (the state mandated exam) at the end of the 
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course. According to Tessa, the school’s curricula that she was using to adapt her lesson plans 
was designed with the goal of introducing “students to various aspects of biology so that they 
have exposure [and to develop] a holistic view of biology” (Tessa, edTPA task 1, part A). For this 
reason, the focus of the class was not preparing students for standardized testing, but rather, 
preparing them to choose between taking the full year of living environment, or taking an 
Advanced Placement level class.  
For her class schedule, Tessa taught 80 minutes every other day. The classroom had 
access to a wealth of resources, including a laptop cart, projector, PowerPoint, books, graphing 
software (e.g. Google Sheets), Google classroom, Google drive, graphing calculators, online 
resources, and a laboratory area adapted for students to work with different lab equipment and 
materials. By the end of the semester, Tessa commented having fun teaching at this school.  
Tessa was assigned to Ms. Olson, who had 20 years of experience teaching high school 
science. According to Tessa, Ms. Olson “started out super traditional because she went to a 
traditional school.” However, when Ms. Olson started teaching at Village Public School, she was 
influenced by the chemistry teacher who had experience “doing highly inquiry-based stuff.” In 
the words of Tessa, Ms. Olson’s pedagogical approach was, “what do you see? Explain it to me.” 
This became Tessa’s pedagogical motto during her student teaching.  
Tessa’s mediating, environmental and goal representations. 
Tessa’s goal representations. According to Tessa, she had complete freedom to design 
and enact her lesson plans. Although she could have designed her own lesson plans, she decided 
to adapt her mentor teacher’s lesson plans. Tessa recognized that as a student teacher, 
accommodating her mentor teacher’s lesson plans would allow her to have time to focus on other 
aspects of teaching and to fulfill the academic responsibilities of the teacher education program. 
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Her guiding principle and pedagogical goal for adapting her mentor teacher’s lesson plans was 
“what do [the students] need to know in order to successfully complete a full year of biology in 
college? I know myself like as a learner. I need examples, I need a starting point, otherwise I 
can’t start” (Tessa, Interview). This belief was reinforced by her own experiences in the field. 
For example, she did not see the need to “reinvent the wheel” when designing learning tasks. She 
mentioned her frustration when she spent a significant amount of time designing a lesson plan to 
then find a similar online version (Tessa, Interview). 
One of the main goals that Tessa had as teacher was to help her students learn “critical 
thinking.” In this regard, Tessa mentioned that:  
[By critical thinking] I mean to be able to question or like apply critical thinking 
and application processes. So, when I teach them like a biological concept, like cells, I 
expect them to be able to look at a tree and be like oh, this is made of cells and this isn’t. 
Or for chemistry, when I teach them thermodynamics reactions, why it is easier to 
dissolve sugar in hot coffee and not cold coffee, and things like that, so that is kind of 
what I want basically, why isn’t this sugar dissolving? That’s the critical thinking like 
questioning. And application is like oh yeah, solubility rules. That’s what I want. (Tessa, 
Interview) 
Related to Tessa’s goal of helping students develop a critical thinking stance, was her 
goal to help them learn different scientific skills. During the interview, Tessa described that: 
Scientific skills of like, how to write a lab report, because that’s supper important. 
That’s the type of thing you need, yes you need to master the content, so that’s where my 
test come in; the lab report, that’s real science. You need to be able to do this. So things 
like that, like what’s actually required in the field so, yeah, you need techniques, so 
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microscope would be a technique. But skills would also be like, “How do you write a 
paper? How do you do calculations? How do you find information? What do you need to 
actually plan an experiment? Also, planning an experiment. So those are the scientific 
skills. (Tessa, Interview) 
Here Tessa mentions skills that are specific to doing “real science.” Students need these 
skills to be able to engage in academic work related to school science. The skills considered by 
Tessa seem to focus on the individual work of students; the skills required to collaborate within 
the context of epistemic rules were not included by Tessa. For example, Tessa did not mention 
engaging in critique and evaluation with peers.  
Interestingly, Tessa commented that she struggled with the culture of the classroom, in 
particular, with the way students interacted with her and among themselves. For this reason, one 
of Tessa’s goals was to design activities where she could hear her students talk. However, most 
of Tessa’s lesson plans involved having students analyze data or write lab reports of the hands-on 
activities they engaged in; these tasks were conducted by the students individually. The analysis 
of Tessa’s lesson plans revealed that she did not design an academic task where students had to 
argue with each other in public in the construction and transformation of evidence. Thus, 
although Tessa recognized the importance of fostering collaborative work as a pedagogical goal, 
the prevalent norms for participating in the classroom seemed to influence Tessa’s focus on 
individual work when designing learning tasks.  
As mentioned before, Tessa majored in biomedical engineering, where she took several 
courses in biochemistry, physics, calculus and quantitative biology. Her extensive background in 
chemistry, physics, and mathematics had an almost ubiquitous influence in her pedagogical 
decisions at different scales. First, one of Tessa’s overarching goals was to help students make 
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sense of natural phenomena using graphs and equations. According to Tessa, different 
phenomena in chemistry could be explored, explained, and understood in more depth with the 
use of these mathematical tools. For instance, Tessa recognized the importance of understanding 
the concept of slope, which in her opinion could help students understand the speed of a 
chemical reaction. Compared to the other preservice teachers, her lesson plans were unique in 
that they included several opportunities for her students to conduct calculations and the use 
mathematical representations.  
Tessa also expressed the conflict that existed between one of her goals and her 
cooperating teacher’s goals. During the reflection of week 8, Tessa wrote: 
I’d like my lessons to be more of a building from activity to activity than to be a 
synthesis-at-the-end situation. For example, I just worked through a biochemistry unit 
with my students. So much of it was looking at the organic chemistry of macromolecules. 
I found it difficult to bring everything to a “Why are we doing this” point. I felt like I was 
receiving pressure from my cooperating teacher not to reveal too much since the 
curriculum emphasizes synthesis from unit to unit rather than a little bit as we go. I feel 
like as I was covering lipids, I would have liked to activate prior knowledge on cells and 
point out that lipids help make the cell membrane. However, I was discouraged from 
doing this since it would be covered later. (Tessa, Reflection, week 8) 
This highlights the difficulties that Tessa had pursuing her own goals in face of the goals 
of her cooperating teacher. It shows that despite Tessa’s self-expressed freedom to adapt her 
cooperating teacher’s curriculum, she had no control over important decisions that could have 
resulted in the design academic tasks with stronger conceptual connections and possibly, with a 
higher cognitive demand. 
  107 
Tessa’s mediating representations around language. Throughout the student teaching 
semester, Tessa’s view around language centered on the use of English Language and the 
vernacular scientific vocabulary. This view was connected to how she considered the difficulties 
that students had with language in the science classroom: 
Students may have the language demands of being an ELL [English language 
learner], learning disabilities, or lack of exposure to science thus lack of content literacy. 
Students may also struggle with general literacy thus may be weak in reading and 
writing. (Tessa, Reflection, week 2) 
For Tessa, students struggled with scientific language because they were not familiar with 
the vocabulary of a scientific text or because their reading comprehension level did not allow 
them to understand the grammatical structure of the text. Moreover, the language difficulties in 
the science classroom were seen by Tessa from a definiciency perspective; students struggled 
because they lacked the vocabulary or mastery of English. Similar to Laura, Tessa did not 
mention the difficulties that students might have with the use of evidence to support an 
argument, or the use of models that could be used to explain a particular phenomenon. Moreover, 
she did not discuss the difficulties that students could have “code switching” between students 
home language and the scientific discourse (Ladson-Billings, 1995). 
During the student teaching semester, one of main goals in the methods class was helping 
preservice teachers understand the difficulties that students could have with academic language 
that was especific to science. Although the program placed an important focus on helping 
preservice teachers design academic tasks that asked students to analyze, explain, interpret or 
justify claims with evidence, Tessa’s views around the language demands that her students could 
have had in the science classroom did not change significantly throughout the semester. For 
  108 
example, during the interview at the end of the semester, when asked to expand on this topic, 
Tessa said that: 
By [content literacy] I mean just like, words. [The students] don’t know what 
microscope means, they don’t know like the lingo that scientists use, it’s very different, 
it’s a very different [language]. If you read a paper, a scientific paper, it’s like really hard 
to read the first time because the language and the grammatical structure is so weird and 
different, and just getting used to that and just pick up key words, like when I read I don’t 
need the entire thing, I pick up keywords. Um, and interpreting those keywords in your 
head is difficult for ELL [English language learners] because it has double 
meanings…it’s just like words in science mean something else, it’s a scientific jargon, 
that’s a new language to learn entirely. Which is why it’s difficult for language literacy. 
(Tessa, Interview) 
Tessa’s views around language are reflected in the way she designed her academic tasks. 
For example, most of her lessons included a lecture section where she would introduce different 
topics and their definition. She constantly designed multiple choice quizzes where some of the 
questions asked students to identify the image or definition that better characterized a particular 
concept.  
Tessa’s mediating representations around prior knowledge. Prior knowledge was a 
concept that for Tessa played an important role in the way she planned her learning tasks. Tessa 
remarked that:  
Prior knowledge is what I need to know [about the students] so I have somewhere 
to go off and if that so happens they know the wrong thing then I go back to correct it. So 
what I mean is that it’s easier for me to plan a lesson based on what they know for 
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efficiency’s sake. That’s what I did. But also like, since that foundation has already been 
established, like, if they know f equals m a, then, I don’t have to teach them that, but they 
also know it in like a mathematical sense, so then I should tailor my lesson to be a little 
bit more mathematical. Or if I feel like they need a more intuitive sense of what it is then 
I might do that. So that’s it. (Tessa, Interview) 
For Tessa, prior knowledge was a prerequisite to help students understand the central 
ideas of the learning activities she designed: 
The biggest benefit to utilizing a student’s prior knowledge and background [in 
science] is being able to identify misconceptions and gaps in a student’s knowledge. 
There may be times when this ends up being a lot of information to cover or very small 
gaps to cover. Either way, the student will be able to learn material more fully and 
cohesively if the material doesn’t clash with misconceptions. (Tessa, Reflection, week 3) 
Prior knowledge was not limited to conceptual ideas. According to Tessa, there were 
different skills that students had to master to be able to understand more complex ideas. In the 
following excerpt, Tessa’s background in mathematics is also evident when thinking about the 
skills that students needed to successfully complete the learning task that she had designed: 
For example, if a student in a science class lacks math skills, the teacher must 
realize this and provide additional scaffolding for the student in order to complete the 
science task. If a student doesn’t understand that a rate of production can be related to a 
slope of a graph, the teacher may bring in extra worksheets and handouts to scaffold to a 
more advanced understanding of slope. Without previously considering the students’ prior 
knowledge, the teacher may have tried to advance the students too quickly resulting in 
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further confusion…It really is a tool and a resource to utilize so that the class can run as 
smoothly as possible. (Tessa, Reflection, week 3) 
Tessa’s views about prior knowledge suggest that this concept operated as a guiding 
principle she used to design her learning tasks. By uncovering students’ prior knowledge, Tessa 
could fill the “knowledge gaps” students had, instead of using it as a starting point to design 
lessons that build on students’ prior knowledge to support increasingly sophisticated 
understandings (NRC, 2012). 
Tessa’s mediating representations around the relationship between practices and 
content. At the beginning of the student teaching semester, when asked how her instruction could 
develop skills and processes while deepening her students’ understanding of content, Tessa 
mentioned that providing a “variety of lessons” would accomplish this goal. According to Tessa, 
some classes could focus on the discussion of misconceptions, while other lessons could focus 
on the “mathematical technicalities of the content” (Tessa, Reflection, week 1). By the end of the 
semester, Tessa commented that the “deliverable is the scientific skill and the content is the 
prompt” (Tessa, Interview). For Tessa, “scientific skills” had a broad application to any field of 
science; by helping students develop these skills, they could then use them to learn science 
concepts.  
Tessa expressed different goals for having students engage in different academic tasks 
that required them to use a scientific skill. For example, she mentioned that one of the reasons 
she designed a lesson where students had to observe reaction rates and concentrations of certain 
molecules in different foods, was to “have a fun activity to do” (Tessa, Interview). Tessa 
remarked that students seemed to enjoy exploring which foods had glucose or which ones had 
starch. In addition, Tessa wanted to engage her students in this hands-on activity to help them 
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gain additional experiences with the topic; her goal was to reinforce students’ understandings of 
it. In Tessa’s words, “I can tell them all day, but they are not going to understand what’s 
happening until they actually do it” (Tessa, Interview).  
During one of the last classes she planned and enacted as a student teacher, Tessa 
designed a task where students had to gather data from different cubes –that represented cells of 
different size– to look at how side length, surface area, and volume changed in relation to each 
other. Tessa expressed that her goal of having students analyze data was to shift students’ 
attention from grades to trying to make sense of a natural phenomenon. For Tessa, it was 
important that students analyzed data because “that is what science is…you have to prove what 
you think and then use that proof to finalize a thought” (Tessa, Interview). As Tessa mentioned, 
her goal was for her students to get used to: 
Not having been told what the concept was. I wanted them to look at it and say 
what kind of differences you see, if you look at the data that I gathered, it’s very 
qualitative, so I just wanted, it was like an easy way to get them to start thinking about 
like differences and like ask them why would it differ? You know?... So I wanted them to 
get used to no no no, you have to figure it out yourself. (Tessa, Interview)  
Tessa’s mediating representations around culturally relevant teaching. Tessa used the 
concepts of Culturally Relevant Pedagogy (CRP) and Culturally Relevant Teaching (CRT) 
interchangeably (Ladson-Billings, 1995). Similar to other preservice teachers from the same 
teacher education program, Tessa considered CRT from the point of view of the student. For 
Tessa, the essence of CRT was designing learning environments where students could find 
connections between their everyday lives and the material covered in the classroom. This, 
according to Tessa, was accomplished by bringing students’ interests and ideas into the activities:  
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Culturally relevant pedagogy is using what your students are experiencing in 
terms of both their interests and environment to mold the curriculum to make it as 
relevant as possible for your students. It is phrasing things and settings things within a 
relatable context for students. (Tessa, Reflection, week 6)  
As shown by the previous excerpt, Tessa defined CRT in a domain-general manner. 
Overall, CRT was a mediating representation that Tessa used to plan instruction by incorporating 
students’ ideas and interests into the learning tasks she designed.  
Tessa’s mediating representations around the nature of science. Interestingly, Tessa saw 
a connection between CRT and the Nature of Science (NOS). On one hand, CRT meant for Tessa 
teaching students “that the content is socially embedded.” In fact, several of the lesson plans 
designed by Tessa during the semester included helping students “recognize there is a human 
side to science that motivates it” (Tessa, Reflection, week 6). On the other hand, Tessa defined 
NOS and connected this concept to CRT in the following way: 
So the Nature of Science is that, you make sense of what you know, and what you 
know is based on what is culturally relevant to you. So if you leverage what is culturally 
relevant to students, whether that’s food, or like, basketball, or whatever it is, it becomes 
more relevant to them, right? It’s just that science is everything. The Nature of Science 
and that is culturally relevant, is just because science is everywhere. And if you make 
examples of science that they see, then, that’s culturally relevant teaching to me. (Tessa, 
Interview) 
Tessa saw a relationship between what and how the students learned, and the nature of 
science that they developed. Tessa felt that traditional schooling “did not “reinforce like the skills 
that are necessary, like writing a lab report, thinking critically, asking questions, and that’s what 
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science is but it’s not what it’s taught” (Tessa, Interview). Furthermore, Tessa believed several of 
her students came from schools where what and how is taught in the science classrooms is driven 
by high stake tests.  Tessa’s conceptualizations of NOS were used by her to justify her focus on 
“labs”, and the inclusion of historical cases to understand the human dimension of science. With 
the inclusion of these elements in her lesson plans, she was trying to compensate, or in her 
words, “to combat” the absence of NOS in the school trajectory of her students. As a 
consequence, one of Tessa’s goals was to help her students develop a different perspective about 
science, one in which they understood that science “[is] not a subject but it’s rather a field of 
work some people do… science is quantitative, it is a lot of math, a lot of work” (Tessa, 
Interview).   
At the same time, Tessa expressed that her students liked structured activities. When 
Tessa designed “open ended activities”, her students would not talk to each other. Instead, they 
would constantly ask her what to do in order to move forward with the activity. Tessa argued that 
since the context constrained what she could do as a teacher, CRT was better reflected by 
designing activities that aligned with the classroom dynamics her students were used to (Field 
notes, week 6).  
A common element of Tessa’s focus on the human dimension of NOS was that she 
wanted her students to understand the role that women and other underrepresented groups have 
in the history of science. Among the cases that Tessa included in her classes, for example, was 
Lynn Margulis, a scientist who helped define the differences between eukaryotes and prokaryotes 
but whose contributions were eclipsed because of her relationship with Carl Sagan. Tessa also 
discussed the case of the team of female African American mathematicians who played a vital 
role in the space program of NASA during the space race. Through these cases, Tessa’s goal was 
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that her students understood that “these [scientists] have personal stories and that affects their 
legacy” (Tessa, Interview). 
Tessa’s mediating representations around student engagement. Tessa recognized the 
idea of student engagement as a central element of designing a learning environment. According 
to Tessa, her students expressed different forms of engagement. On one hand, her students were 
engaged for the “wrong reasons” when their only focus was the grade (Tessa, Interview). On the 
other hand, their engagement was productive when they discussed in groups and asked questions 
during the class. From this perspective, Tessa considered engagement as a vehicle for learning; 
her role as a teacher was to create the conditions for driving student engagement towards a 
productive participation (i.e., focused on school science work) in the classroom.  
Tessa considered that being able to engage her students was a way to become a more 
effective teacher. This, according to Tessa, entailed building rapport with the students. 
Nevertheless, she also recognized the difficulties she had talking with her students to get to know 
them better without “feeling droning on and on about stuff” (Tessa, Reflection, week 5). In fact, 
one of her goals as a teacher was to build rapport with the students. Tessa remarked that one way 
to engage her students was not only by being a “more interactive” teacher, but also by building 
lessons that encouraged students to ask why and to explore their own inquiries. However, during 
her student teaching experience, she had difficulties achieving this goal. She accredited the 
difficulties of engaging students to take part in discussions about the material as a result of the 
teaching practices that they were used to. In this case, Tessa mentioned that students were used to 
listen to the teacher and follow her directions; they had difficulties working with less guidance 
(Tessa, Interview).  
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Engagement was a mediating representation that Tessa used as a pedagogical principle to 
justify her instructional decisions. For example, towards the end of the semester, one of the 
central elements in Tessa’s lesson plans was to start an academic task by presenting students with 
a phenomenon. She would then scaffold a lesson where the goal was to help her students explain 
why or how that phenomenon occurred. For instance, in one of her lesson plans, she had students 
explain why cell size was limited by the rate of diffusion in relation to the surface-are-to-volume 
ratio. According to Tessa, when the focus was on making sense of a phenomenon, students 
understood that they were not “just going to memorize facts”; a phenomenon gets students to 
ask, “I’ve never thought about that, why is that?” Tessa felt that by getting her students ask why, 
they would be more engaged.  
Tessa’s mediating representations around constructivism. Tessa’s experiences (the 
setting where she conducted her field experience, the students’ and teacher’s roles in the 
classroom; and the pedagogical perspective of the mentor teacher) fostered a feeling of 
skepticism about the feasibility of implementing in her classroom certain ideas supported by the 
teacher education program. For example, Tessa described constructivism as “teaching to each 
other, and moving around the classroom and not just sitting at the desk and reading…doing, not 
just like, listening, hearing, believing”. However, during the semester, she realized that 
implementing her vision of constructivism was more difficult than she had previously 
anticipated:  
I felt like constructivist teaching would be more super inquiry based, more guided 
inquiry. But what I did was more, structured. I don’t know, I tried to do a little bit at the 
beginning, when I asked them to design an experiment on how quickly catalase makes 
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peroxide go away or something like that. That was like me trying it, but then I realized, 
this is really hard and I like, pulled back immediately. (Tessa, Interview) 
Tessa considered that one of the affordances of a constructivist classroom was that 
students, by working together, could help each other. Tessa believed that if students were 
working together, they would feel more comfortable with each other, which in turn would 
encourage them to express their understandings and misunderstandings about scientific ideas. 
However, even when this was her rationale when including group work activities, Tessa 
expressed her frustration because in her classroom the students were reticent to talk to each other. 
As mentioned before, her students were used to talking and listening only to the teacher; trying 
to break that pattern was her goal but also one of Tessa’s constant challenges. Cognizant of the 
difficulties imposed by the classroom culture for designing learning activities where students 
participated as she had envisioned under a constructivist model, Tessa opted for designing 
learning tasks where students worked individually.  
This highlights the difficulties that preservice teachers might face when their mediating 
and goal representations are not in alignment with the goals and the social characteristics of the 
school in which they conduct their student teaching. Moreover, this highlights the importance of 
providing preservice teachers the pedagogical tools and understandings that could help them 
translate their mediating and goal representations through the use of effective pedagogical 
practices.  
Similar to Laura and Philip, Tessa’s pedagogical decisions were more than a reflection of 
her pedagogical beliefs. Instead, this analysis shows that the goals that Tessa aimed to pursue, 
either as a teacher or as part of a requirement of the school, also influenced the types of decisions 
she made as she designed and enacted different learning tasks. As shown in Table 5.1, the 
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cognitive demand of the tasks that Tessa designed was either Level 2 (Scripted Integration) or 
Level 3 (Guided Content). In the following analysis, it will be shown that the cognitive demand 
can be better understood as a result of the interplay among the mediating, environmental, and 
goal representations that guided Tessa throughout the student teaching semester.  
Table 5. 1. Summary of Findings for Tessa  
Summary of Findings for Tessa 
Task 1 Task 2 Task 3 
Goals: 
• Use laboratory skills to report what 
color Benedict’s and Iodine solution is 
in the presence of glucose and starch. 
• Make serial dilutions of starch solution 
and of glucose solution to see the varied 
colors possible from the different 
indicators. 
 
• Use the serial dilution as a key to 
determine the level of glucose and 
starch in common household food 
items.  
• Understand that the structure of 
different types of carbohydrates, 
influence the reaction in a solution. 
Goals: 
• Read an article and 
gather information 
from it.  
• Apply the properties of 
water and lipids to 
think about the 
information of the 
phospholipid bilayer. 
Goals: 
• Collect data from cubes 
of different size (which 
represented cells) to 
look how side length, 
surface area, and 
volume changed. 
 
• Understand how cell 
volume and cell surface 
area are connected. 
   
Cognitive Demand: 
• Level 2 - Scripted Integration. 
Cognitive Demand: 
• Level 2 - Scripted 
Integration. 
Cognitive Demand: 
• Level 3 - Guided 
Content. 
 
Analysis of the Cognitive Demand of Tessa’s Lesson Plans. 
Learning task 1 (week 3). During this learning task, Tessa’s students had to follow a set 
of steps to be able to determine the types and concentration of carbohydrates (glucose or starch) 
of different foods. For this, Tessa designed a step-by-step protocol to help students obtain 
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different concentrations of glucose and starch, and then add a color indicator. Using the dilutions, 
students had to estimate the concentration of carbohydrate in different types of food (pretzels, 
celery, etc.). As part of the activity, students had to write a report describing what the purpose of 
the dilutions was. The answer to this question was in the procedure given to them.  
This task has some unique elements that are worth highlighting. First, the goals stated in 
the lesson plan and the goals described by Tessa during the interview differed. In the lesson plan 
for this learning task, the learning goals stated by Tessa were listed as a set of activities that the 
students were going to conduct: (1) Students will use laboratory skills to report what color 
Benedict’s and Iodine solution is in the presence of glucose and starch; (2) Students will make 
serial dilutions of starch solution and of glucose solution to see the varied colors possible from 
the different indicators (Benedict’s and Iodine solution); and (3) Students will use the serial 
dilution as a key to determine the level of glucose and starch in common household food items 
(Tessa, Lesson Plan, week 3). As can be seen, the learning goals first described what students 
were going to be doing during the activity and why in relation to the main concepts. However, 
Tessa did not specify in the lesson plan what she expected her students should had been able to 
understand and do by the end of this learning task.  
According to Tessa, the learning goals stated in the lesson plan were the learning goals 
that her mentor teacher had originally planned. According to Tessa: 
[For] this particular lab activity, I wasn’t the biggest fan of it in terms of the 
biology content, because I am like great, potato has starch, I don’t care (laughs). But, um, 
like something like this is just kind of for me, this is just kind of like [weaving together] 
the fact that there are different types of carbohydrates, um, and structure matters in this 
case so you have that in solution, which will respond to glucose. (Tessa, Interview)  
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In order to evaluate students’ understandings, Tessa decided to include additional 
questions that asked students to explain the change of color of the solutions after adding a color 
indicator. In this case, Tessa’s learning goal was that her students could understand that the 
change of color in the test tubes was due to a chemical reaction that resulted in a change in the 
molecular structure of the molecules involved, which in turn produced a particular color (Tessa, 
Interview). For example, she included a question asking students to explain whether the shape of 
the molecule was important for detection using indicators. It is also worth noting that Tessa had 
explained, before the hands-on activity, the mechanism behind the change of color when two 
molecules interacted.  
When asked to describe the type of information that she had used to monitor students’ 
learning of the lesson objectives, she provided different examples of formal and informal 
assessments. The “carbohydrates lab write up”, for example, asked students to define what a 
serial dilution was, why it was used during the activity, or to explain whether or not the 
molecular shape of carbohydrates was important for detection using indicators. Tessa mentioned 
that answers from this formal assessment offered evidence of “student understanding of content 
and student understanding of the laboratory procedures” (Tessa, Lesson Plan, week 3), which 
according to her, was the expected understanding related to the learning objectives that she had 
hoped to achieve.  
Interestingly, when asked to reflect about the goal achievement of this lesson, Tessa did 
not mention students’ answers from the artifacts they produced. Instead, Tessa’s environmental 
representations had a performative focus; she evaluated whether or not the learning task’s goal 
was achieved when she or her students behaved in a particular manner, and this behavior was 
described in a domain-general way. For instance, Tessa mentioned that this learning task had 
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been successful because students were able to follow the directions she had drawn on the board. 
When asked about the changes that she would implement to this activity, Tessa stated that “I’d 
spend a little more time explaining the serial dilution to make sure students are getting the 
application aspect of the serial dilution” (Tessa, Lesson Plan, week 3).  
This analysis shows that the overall cognitive demand of this learning task was a Scripted 
Integration: Students had to follow a set of actions that required almost no reasoning about 
carbohydrates. There were expected results that students had to obtain. As such, this task was not 
designed to help students understand how scientific knowledge is produced since “unexpected 
results would had been attributed to students’ mistakes, instead of considering the possibility that 
the procedure was inadequate. Moreover, students had to explain the results by using what Tessa 
had already taught them, instead of trying to make sense of the disciplinary ideas and creating 
conceptual links among different concepts. Therefore, the goal of this activity was not to explore 
a phenomenon, but to demonstrate an already covered concept.  
Learning task 2 (week 7). During this learning task, the essential question was “How do 
cells function on a day to day basis? According to Tessa, the learning goals were that her students 
were going “to be able to read an article and gather information from it, and to be able to apply 
the properties of water and lipids to think about the information of the phospholipid bilayer.  
During the learning task, students had to use their prior knowledge to construct a timeline 
from the formation of the Earth to the present day, marking several important events in the 
history of life on Earth along the line (e.g., evolution of photosynthesis, evolution of cells with a 
nuclei). Following this activity, students had to gather information from several websites chosen 
by Tessa, where they could see the ‘canon’ timeline and all the information required for them to 
answer all the questions included in the handout. Students had to use this information to make 
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again the timeline, although the timeline itself was provided in one of the websites. According to 
Tessa, this task was designed to help students learn how to collect and analyze scientific 
information, while also providing them a window to check their own misconceptions. Tessa 
hoped that by comparing the timeline they created initially with the timeline presented in the 
scientific websites, they could easily find their own misconceptions.  
When reflecting back on the achievement of the goals she had set for this learning task, 
Tessa wrote that “the large amount of reading seemed to stall some students”; she suggested 
reducing the reading load to have more time for a closure activity (Tessa, Lesson Plan, week 6). 
These environmental representations are centered in the social behavior of the students and their 
overall reaction to the activity. There was no explicit connection between Tessa’s environmental 
representations and her goal representations for this lesson. For example, Tessa did not make 
inferences about students understanding of the material or whether they had had difficulties 
interpreting scientific texts.   
Similar to Learning Task 1, Tessa broke down this learning task into smaller activities. In 
most of these activities, Tessa provided scaffolding in the form of steps and guiding questions. 
By following these steps, students could find the expected result; the answer to most of the 
questions could be found in the materials provided by Tessa. Given these characteristics, this 
learning activity was categorized as a Scripted Integration task; students could reach the desired 
answer without considering how their actions, in this case, searching for information, lead to a 
reliable answer in science. Although Tessa’s goal was to help her students learn to collect and 
analyze scientific information, students were merely retrieving and consuming it. Students were 
not evaluating the scientific validity of the information, nor they tried to derive any meaning 
from these scientific texts. Moreover, students did not have to reflect on their own 
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misconceptions explicitly. Instead, they had to write whether they were surprised by anything as 
they re-did the timeline.  
Learning task 3 (week 9). Before this class, students had been learning about the cell 
membrane’s role in transport. During this class period, the central focus question was “Why does 
cell size matter?” Tessa included one essential question for this task: “How are cell volume and 
cell surface area connected?” Moreover, the learning goal was “to be able to explain the 
relationship between surface area and volume in the context of cell size” (Tessa, Lesson Plan, 
week 9).  
In order to achieve this goal, Tessa designed a learning task where students collected data 
from cubes of different sizes (which represented cells) to look how side length, surface area, and 
volume changed. Tessa provided each group (of 3 students each) with a ruler and cubes of 
different sizes, and students had to measure the size of each cube to calculate their area and 
volume. All the calculations were collected on the board. After collecting the data, Tessa lead a 
classroom discussion intended to help students identify patterns between area and volume. Then 
they had to connect these patterns within the context of cell diffusion and cell size. In this regard, 
Tessa commented that the idea of having students gather and analyze data “was a good way to 
kind of have kids look at numbers and trying to figure out why” (Tessa, Interview).  
Tessa monitored the achievement of her learning goal by designing an exit ticket where 
she asked her students “Can cells grow indefinitely large, why?”. In order to answer this 
question, all students needed was to recall what they had discussed during class. When reflecting 
back on this lesson, Tessa wrote that:  
Seeing the values written on the board definitely helped the students. It was easy 
to see the trends as soon as the cube sizes were ordered. This was actually input from the 
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students so I know that they were analyzing the data. The math also seemed to scare some 
students. I think if I had more time, I’d make the students do 2 cubes of different sizes 
and collect the data to have a wider range of data. Additionally, I think the math was 
intimidating to some students so next time I’d spend a little more time to relieve some of 
that stress. (Tessa, Lesson Plan, week 9)   
Similar to the environmental representations from the second learning task analyzed here, 
the information that Tessa used to monitor goal achievement is centered on the behavior of 
students and their reaction to the activity. Tessa wanted to expand the range of data that students 
collected because that could help students identify the pattern more easily (Tessa, Interview). 
Tessa focused on students’ ease and challenges they had with data analysis and computation. 
Nevertheless, and different from Learning Tasks 1 and 2, Tessa also evaluated students’ 
engagement with the data. It is possible that Tessa evaluated her learning tasks in this manner 
because her goals for this activity were specific about what students were going to be doing with 
the data (e.g., collect and analyze data to understand the relationship between cell volume and 
surface area). This suggests that detailing specific goals of what students will be doing with data 
(e.g., evaluating, analyzing, collecting) can help novice teachers evaluate what students’ actually 
do during the activity.  
The cognitive demand of this learning task was categorized as Guided Content: Tessa 
lead a discussion of the patterns that they observed in the data and pushed her students to come 
out with an explanation that connected the pattern between surface, area, and volume with the 
concepts of cell growth and nutrient transport (Tessa, Interview). Although the goal of Tessa for 
engaging students in the analysis of data was to use high-level cognitive processes to make sense 
of the pattern, her focus was on using the pattern to help students understand the relationship 
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between the ratio of surface area and volume with the concept of diffusion. Tessa’s reflections 
suggest that by expanding the range of data students would gather, the pattern would more easily 
speak for itself; the focus was on producing data but not on analyzing features of the data to 
derive meaning. In other words, the activity was not designed to help students understand how 
science develops.  
Analysis of Tessa’s representations in relation to the cognitive demand of her 
learning tasks. 
The overarching goal that Tessa had for designing her lessons was to help her students to 
be able to participate in a science-related setting. That is, she wanted her students to be able to 
write lab reports, to analyze scientific information, to use mathematical representations and 
calculations, or to know how to use scientific tools, such as a microscope. This goal 
representation was connected with her views regarding the relationship between science 
practices and science concepts. For Tessa, it was possible to separate both content and skills as 
far as students had opportunities to engage in both throughout the year. In fact, Tessa’s academic 
tasks reflect this perspective. Additionally, Tessa’s goal for designing opportunities to engage in 
these scientific skills was to help her students develop an image of NOS as a specialized field of 
work. The implication of this separation of skills and content was a decrease in the cognitive 
level of academic tasks since students were not meaningfully engaged in science practices to 
learn science concepts.  
Moreover, Tessa’s context highlighted some contradictions between her constructivist 
and CRT mediating representations. For example, Tessa considered that in a constructivist 
classroom, students had more agency and freedom; students were more active and talked to each 
other, as opposed to sitting and listening to the teacher. Although it was her goal to fulfill such a 
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classroom vision, throughout the semester Tessa expressed the difficulties of getting her students 
to talk or to engage in open ended activities. This “awkward silence”, for instance, was explained 
by Tessa as a characteristic of the classroom culture where she was teaching. Similarly, Tessa 
argued that her students felt more comfortable following structured activities than taking part in 
activities with a higher degree of uncertainty. Given these contextual characteristics, Tessa 
argued that designing learning tasks highly structured was in alignment with the culture of the 
classroom and thus, it was a better reflection of what CRT was. As a result, Tessa’s context, 
together with her difficulties of achieving her pedagogical vision, contributed to the absence of 
academic tasks where students had the opportunity to critique each other’s perspective, or to 
construct and evaluate scientific models during classroom forums. 
Student engagement was a central mediating representation that framed the way she 
designed academic tasks. Tessa believed that the most appropriate learning tasks for fostering 
student engagement were those where students made their own questions and had an active role. 
In the case of Tessa, student engagement also was an environmental representation that she used 
in almost every task to evaluate the outcomes of her instruction. Thus, Tessa would consider a 
lesson successful when students’ enjoyment was visible or when they seemed invested in the 
activity. In fact, when reflecting on her lessons, Tessa would often suggest making clearer 
instructions, reducing the workload, or spending more time explaining a procedure in order to 
create more engaging lessons. Therefore, student engagement was also a pedagogical goal for 
her; Tessa’s pedagogical decisions were aimed at creating learning activities where students felt 
engaged. It became apparent from this analysis that engagement, both as a mediating 
representation and as pedagogical goal, had an impact on the cognitive level of the academic 
tasks that she designed. For example, by providing clearer instructions, Tessa was reducing the 
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level of ambiguity of the activities, thus reducing the cognitive level of the academic tasks and 
turning science practices into step by step procedures.  
The way Tessa framed her goal representations changed during the semester. During the 
first weeks of the semester, Tessa framed her goals as the activities her students were intended to 
engage in the classroom. Although students had developed artifacts that she could have used to 
monitor her goal achievement, she focused on the social context –students’ ability to follow her 
directions– to evaluate the success of her pedagogical decisions. Over time, Tessa framed goals 
as science practices that students were to engage in, or as content that students were expected to 
understand. In this case, Tessa would focus on students’ performance with the skill, but did not 
explained how the way students’ engagement with that skill was related to how they learned the 
content. Finally, when Tessa’s goal was expressed as a performance expectation, Tessa would 
still prioritize how they engaged with the skill, without making clear connections with content.  
Perhaps one of the most significant factors that influenced the cognitive demand of 
Tessa’s academic tasks was the goal that she had for her student learning (Figure 5.1). In the first 
task analyzed here, categorized as a scripted integration task, the goal of engaging in the science 
process skill, in this case, “laboratory skills”, was to provide additional experiences with the 
concepts they had already covered. In the second learning task, the main goal was to help 
students learn a scientific skill, more specifically, collecting and analyzing scientific information. 
Although the information to be collected and analyzed was related to the topic at hand, Tessa 
provided students with the readings, and the analysis of the material was limited to identifying 
the information required to answer the handout’s questions. Different from Task 1 and 2, the 
third learning task had the explicit goal of helping students make sense of a phenomenon they 
had not encounter before by engaging in the analysis of data they had collected. Not only was the 
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goal clearer and more specific but also the supports provided by Tessa were less scripted. In this 
case, instead of providing students with a handout detailing the set of steps they had to follow to 
reach an answer, Tessa guided what students were doing with the data and how they were 
analyzing it. Therefore, it is possible that setting more clear goals in terms of how students will 
engage with the content can help novice teachers design tasks of higher cognitive demand.  
It is important to recognize that Tessa adapted her mentor teacher’s academic tasks. As a 
result, Tessa had to pursue goals that were in conflict with her own goals. This could be another 
factor that explains the cognitive demand of Tessa’s academic tasks. For example, although 
Tessa wanted to create a cohesive unit where lessons build on each other, her mentor teacher 
expected her to enact lessons that focused, according to Tessa, in disconnected set of facts. 
Therefore, although Tessa believed that her students needed the time to explore different 
problems around a more complex phenomenon, her pedagogical decisions to accomplish this 
were constrained by the expectations from her mentor teacher. Tessa’s case helps us understand 
the discrepancy between beliefs and practices by highlighting the influence that goal conflict 
might have in the pedagogical decisions that guide preservice teachers’ design of academic tasks.  
 
 
Figure 5. 1. Visual representation of the cognitive demand of Tessa’s academic tasks 
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 Chapter 6: Findings 
Preservice Mini-Case #3: Phillip 
Introducing Philip. At the time of the study, Philip was a 23-year-old White American 
male. Philip grew up in the Midwest where he attended public suburban schools outside his 
hometown. Although most of his science education was characterized as traditional instruction, 
Philip mentioned that he had the opportunity to participate in inquiry learning with projects. 
Overall, Philip enjoyed science during his school trajectory, not only because he did well as a 
student but also because it was something that always drove him to wonder. 
Philip majored in biology. During his undergraduate years, Philip thought he was going to 
become a researcher; he had considerable research experience, not only working in the wet lab 
but also writing scientific documents. The work in the laboratory did not provide Philip the 
opportunities he was looking for in terms of collaboration with peers; consequently, Philip felt 
isolated and eventually decided to apply to medical programs, where he felt he could have a 
broader social impact by helping people. Philip entered a program where he shadowed doctors 
from different specialties working in under-resourced communities. However, doctors lacked the 
resources they needed in order to provide the appropriate help to their patients. This caused 
Philip great frustration, so he decided to apply to a teaching program the next summer, where he 
felt he could use his knowledge and skills to educate ninth graders. This experienced was 
consequential in Philip’s application to enter the science teacher education program.  
Philip was assigned to student teach with Ms. Lopez at Vanguard Public High School 
located in Whole City. This urban school housed approximately 1300 students in grades 9 
through 12. At Vanguard Public School, students had to apply for admission and were assessed 
with test scores, a portfolio with essays, and an interview. The school was high-performing and 
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considered a very selective high school in Whole City. Compared to other schools, the student 
body at Vanguard was diverse: 50% White, 20% Latino, 15% Black, and 15% Asian and other 
races. According to Philip, the school’s mission was to provide a rigorous but individualized 
college preparatory education, emphasizing inquiry-based learning, critical thinking, and 
creativity. 
According to Philip, Ms. Lopez, his mentor teacher, did “a great job at creating a 
classroom environment that is lively, collaborative, and that encourages students to engage in 
discourse even on a whole-class level” (Philip. Reflection, week 9). Ms. Lopez had been 
teaching science for over 10 years, although it was the first year that she had been teaching at 
Vanguard. As a mentor teacher, Ms. Lopez would sit down in the back of the room, where she 
would take notes that she would use to give feedback to Philip. This feedback was focused 
mainly on the coverage of ideas and classroom management (Philip, Interview). Philip 
commented that Ms. Lopez focused on covering the concepts included in the curriculum, with 
less emphasis on scientific skills. Philip also mentioned that his mentor teacher 
was really good at making fun engaging activities that the students really liked. 
She did really cool projects, and there was student work everywhere, like that was 
definitely the emphasis of the teaching in the classroom…and she tap into their creative 
sides. (Philip, Interview)  
During the student teaching semester, Philip had to teach four classes of biology per 
week, 55 minutes per period in 9th grade. According to him, there was not an issue with 
discipline, but academically, there was a large range from the most gifted to students who needed 
additional support. Philip’s students did not get tested very often; “they weren’t great test takers 
because they didn’t have the skills” (Philip, Interview). According to Philip, his students thought 
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that any time they had to write something, such as a written explanation, the more they wrote, the 
better grade they would get, “which is kind of how the English and history department worked 
there” (Philip, Interview). As a result, Philip felt that he was turning kids off science because the 
school culture valued quantity over quality. He stated; “how you succeed in literally every other 
class is not how you are going to succeed in [science] class.”  
Philip’s mediating, environmental and goal representations. 
Philip’s goal representations. According to Philip, before he entered the program, one of 
his main goals as an educator was to design engaging activities for the students. However, 
throughout his experiences in the program, his goal as a science teacher shifted from designing 
engaging lessons to teaching students: 
How to be a better thinker and a better scientist and a better learner, and a better 
test taker, as like a skill, but I am not gonna teach [my students] to the specific questions 
of the test… I want them to be analytical people, who are like, looking around them, and 
not accepting things just like they are, and questioning and, um, are trying to progress in 
everything they are doing or make everything better and really like the people who stand 
out in a group. (Philip, Interview) 
Importantly, this goal representation was connected with several mediating 
representations that he expressed guided his pedagogical practices. Different from Laura and 
Tessa, the mediating representations he reported were connected to the achievement of this 
overarching goal.  
Philip’s mediating representations around language. Different from the other PSTs 
from the same program, Philip had a more complex view of scientific language that evolved 
throughout the semester. On one hand, at the beginning of the student teaching semester, Philip 
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recognized the importance of scientific vocabulary and commented that “students may struggle 
with the demands of the language both in readings and in class due to a lack of content 
knowledge” (Philip, Reflection, week 2). In several of his lesson plans and handouts, he 
highlighted specific words with the goal of helping his students “incorporate them into their 
vocabulary.”  
When asked how he could support the language demands for his students, Philip, similar 
to other PSTs from the same cohort, mentioned the importance of supporting students with 
Individualized Education Programs (IEP), however, Philip did not provide any examples of how 
he would support these students in their IEP. In addition, Philip commented that although his 
students seemed to have less difficulties writing long essays in other subjects, they had 
difficulties writing short but clear responses in the science classroom. According to Philip his 
students: 
Thought that any time you would write something, like a written explanation, that 
like, as far as you write a lot, then my grade will be fine, which is kind of how the 
English and history department worked there. But it is like in science, less is more, and 
they didn’t really understand that and that also frustrated them. (Philip, Interview) 
For this reason, Philip believed that it was important to allow students to express an idea 
or concept using alternative representations. Additionally, Philip believed that asking students to 
engage with the same idea in multiple ways was a form of “reinforcement”; he would ask his 
students to demonstrate their understanding of concepts using different representations, such as 
writing an explanation or constructing a scientific model. Different from other PSTs, Philip also 
added that he would evaluate the way students interpreted scientific journalism, not just their 
vocabulary, although he did not provide details of his criteria to conduct such evaluation.  
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Philip’s views about scientific language were also related to assessment. For example, 
during week 3, Philip designed a learning task where students designed a model to explain an 
immune response. When asked what the goal of creating these models was, he mentioned that it 
was part of the “scientific language piece.” In this case, he could evaluate students’ 
understanding of a particular phenomenon by asking them to use a different “format” to explain 
that phenomenon to a particular audience. According to Philip, creating models required a higher 
order thinking (Philip, Interview). 
Philip’s mediating representations around engagement. Philip’s views regarding 
student engagement influenced not only his focus as a teacher, but the goals that he had. 
Throughout his experiences in the teaching certification program, Philip’s views about student 
engagement expanded. The summer before entering the program, Philip participated in a summer 
camp where his focus as a teacher was to help students understand a particular concept. For 
every concept, Philip would design an “engaging activity” where students could have additional 
experience with that particular idea in order to reinforce it. According to Philip, during the first 
weeks of the student teaching semester, engaging students was one of his main goals; his design 
principle was “always what fun activity can I plan for today, or how can I make this lesson like 
pop, so students at least will be excited to be in class” (Philip, Interview). However, Philip 
recognized that a more important goal was to help students develop the skills and knowledge to 
become scientific literate. He mentioned that this could be accomplished by focusing the learning 
activities on the use of scientific skills to learn scientific ideas that are of interest to the students 
(Philip, Reflection, week 1).  
By the end of the student teaching, Philip’s views regarding student engagement had 
shifted from a goal representation per se to a mediating representation guiding the design of 
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learning tasks that could foster the skills and understandings he had planned for. This suggests 
that for Philip engagement was not only a vehicle for learning science, but a product of learning 
science in a particular way. In other words, although engaging learning activities were important 
but not essential to help his students learn science, for Philip, it was by designing opportunities 
for students to learn and use scientific skills and knowledge that they could develop the ability to 
engage with scientific ideas in school and in the public sphere.  
Philip’s mediating representations around CRT. For Philip, CRT meant “using students’ 
background and experiences to inform teaching practices and in a sense, doing the work to meet 
your students where they are” (Philip, Reflection, week 6). More interesting, perhaps, is that 
Philip considered CRT as a design principle to achieve a particular goal. As a design principle, 
Philip regarded CRT as the work that he had to do as a teacher in order to develop a classroom 
community where all students could participate. In this case, Philip mentioned that his goal was 
to create lessons that used students’ cultural assets and their current scientific understandings and 
abilities as the starting point to make the lessons more engaging and tailored to his students’ 
diverse needs. By using CRT as a pedagogical approach, Philip hoped to achieve the 
“engagement piece”:  
If you get [the students] to understand how they are seeing this [scientific idea] in 
their everyday, and how this can impact them, even if they don’t go into the sciences. So 
that idea, again, if someone puts an article in front of you, you are able to understand it, 
and tackle it, and making informed decisions about it, like as a voter, or as a parent... Um, 
for the better of you as a person, for the betterment of society as a whole. (Philip, 
Interview) 
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Similar to Laura, Philip also argued during the methods class that although he agreed that 
CRT was a way to tailor instruction to help students feel “comfortable” in the science classroom, 
it was also a way to help students become better learners of science. Philip argued that although 
his instructional approach could be very disruptive to the current classroom culture, and as a 
result, not be culturally relevant to his students, it was the only way he could see teaching CRT 
that was also helping his students “choose academic success” (Field notes, week 6).  
Thus, for Philip CRT was a mediating representation that informed his teaching decisions 
and provided a lens through which he could monitor goal achievement. For him, it was essential 
to “look at how students interact and communicate today and use that to inform instruction” 
(Philip, Reflection, week 6). Through this pedagogical approach, Philip believed it was possible 
to help his students to be able to engage with scientific ideas in their everyday lives; CRT was a 
vehicle that could drive students’ skills and understandings toward science literacy.  
Philip’s mediating representations around constructivism. Throughout the semester, 
Philip recognized the importance of creating a constructivist classroom. Philip also struggled 
translating this concept into practice in his classroom. For Philip, a constructivist science 
classroom: “Is one in which, um, students lead as much as ruffled with, so possible, the teacher is 
a facilitator as much as possible. Students are self-sufficient as much as possible, so you are not 
feeding them the answers, which is something I struggled with a lot” (Philip, Interview).  
When asked what the goal of having his students engage in modeling or data analysis, 
Philip mentioned that through these activities, students would become less dependent on the 
teacher and develop the ability and “intellectual curiosity” to figure things out on their own. 
According to Philip, collaborative work was essential for the development of this ability since 
students could support each other and learn from each other (Philip, Interview). In fact, Philip 
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included in his academic tasks several opportunities for students to work together. Philip 
mentioned that one of the goals of this collaborative work was that the students reached 
consensus within their group and then share that consensus to the rest of the classroom, which 
then he would use as elements within the classroom discussion. Philip recognized that compared 
to other preservice teachers from his cohort, he was privileged because he did not have to deal 
with disciplinary issues in the classroom and his students enjoyed working together. He 
recognized that the characteristics of his classroom and his mentor teacher allowed him to design 
and implement ambitious learning tasks that would had been difficult to enact in settings like 
Laura’s or Tessa’s.  
In order to design a classroom “driven by intellectual curiosity”, Philip had two 
competing goals that created this internal struggle. On one hand, Philip enjoyed when his 
students seemed curious and asked interesting questions during class. In several of these cases, 
Philip would provide students with an answer, expecting that his students would continue 
showing the same excitement and interest in his class. On the other hand, Philip was trying to 
help his students develop an intellectual curiosity for science, which for Philip meant “a desire to 
learn, a desire to know, a desire to develop yourself as a person, thinking intellectually without a 
grade attached to it” (Philip, Interview). Philip recognized that by providing the answers, he was 
not fostering this intellectual curiosity in his students.  
Philip’s mediating representations around the nature of science. For Philip, a 
constructivist classroom was “a space conducive to the practice of the nature of science” (Philip, 
Reflection, week 5). For Philip, in this space: 
We don’t have to follow strict procedures, we don’t have to follow strict 
experimental guidelines, we can have a bunch of materials and try a bunch of different 
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things, you know? In a sense do real science, and understand what that means, and talk 
about real science has impacted some findings in the real world as well, which I think 
they like. (Philip, Interview)  
Philip mentioned that implementing these ideas required “taking over” the classroom 
culture, which was beyond the bounds of his student teaching position. He recognized that in his 
current classroom, the teacher dominated most of the discussions, and she would not ask open 
ended questions to the students. Nevertheless, recognizing the limitations of his role as a student 
teacher, Philip tried several strategies, according to him, were conducive to NOS. First, he tried 
to have open debates in his classroom, where his goal was to bring students’ ideas to the 
forefront and to foster an environment where students felt comfortable responding to each 
other’s ideas (Field notes, week 4). Second, he incorporated discussions about the nature of 
science into his lessons. For example, during the third week of his student teaching experience, 
he designed a lesson where he introduced NOS as a concept to his students. For Philip, it was 
important to explicitly introduce NOS in his classes, as a concept, early during the semester. This 
allowed Philip to reference NOS elements with his students (e.g., criteria to evaluate the 
reliability of a piece of information, to design an experiment, or the constraints of a model) 
(Philip, Interview).  
Finally, Philip believed that highlighting the social influence of science was a very 
powerful way to help his students understand NOS (Philip, Reflection, week 3). Therefore, 
Philip included lessons where the goal was to problematize the role of science in other fields, 
such as the justice system, or how science was influenced by social, cultural, and economic 
forces.  
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Philip’s mediating representations around the relationship between practices and 
content. For Philip, scientific skills referred to “the science and engineering practices in the 
NGSS.” Thus, and different from Laura and Tessa, Philip could articulate these skills as they 
applied to learning science specifically. He considered the practices as a way to empower his 
students. When explaining the relationship between science practices and concepts, Philip 
mentioned that “it’s like if you, I don’t know, if you teach a man, or if you give a man a fish, 
which is like giving a man the content, then like, they are good for the day, but if you teach them 
how to fish, they are good for life, it’s kind of the idea.” In this analogy, Philip is considering 
scientific practices as a way to help his students become scientific literate, which was one of 
Philip’s main goals for teaching science.  
Practices were also considered by Philip as a kind of assessment. As mentioned before, 
Philip designed a learning task where students designed a model to explain an immune response. 
He considered that constructing scientific models to explain a natural process was an alternative 
route to evaluate students’ understandings of a particular idea. Finally, Philip considered 
practices as a way to explore a phenomenon. Philip designed activities where his goal was that 
students could make sense of the different ideas they were trying to learn through the 
engagement in scientific practices (Table 6.1). 
Table 6. 1. Summary of Findings for Philip 
Summary of Findings for Philip 
Task 1 Task 2 Task 3 
Goals: 






• Explain how a human 
develops from a single cell 
into an organism with 
trillions of cells. 
 
Goals: 
• Interpret gel electrophoresis 
results using genetics concepts 
(e.g., restriction enzymes, 
Polymerase Chain Reaction). 
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Task 1 Task 2 Task 3 
Goals: 
• Create a storyboard 
outlining an immune 
response. 
Goals: 
• Explain how cell growth 
and replication is regulated 





• Explain the implications and 
limitations of biotechnology 
applications. 
• Analyze data to figure out a 
problem.  
• Understand how social factors 
could influence science-related 
decisions. 
   
Cognitive Demand: 
• Level 3 - Guided 
Content. 
Cognitive Demand: 
• Level 3 - Guided Content. 
Cognitive Demand: 
• Level 4 - Guided Integration. 
 
Analysis of the cognitive demand of Philip’s lesson plans. 
Learning task 1 (week 3). This was the first learning task that Philip designed and 
enacted as a student teacher. The central focus of this lesson was “How does the Immune System 
function?” Philip’s learning goal was that his students were going to be able to create a 
‘storyboard’ outlining an immune response. As mentioned before, when Philip was asked what 
the goal of creating these “models” was, he stated that it was part of the “scientific language 
piece”; Philip also mentioned that creating models required a higher order thinking. He used 
these models to evaluate students understanding of a particular phenomenon by asking students 
to use a different “format” to explain that phenomenon to a particular audience. For example, one 
of the prompts was “You have a cut on your finger that becomes infected by bacteria. Illustrate 
how the Immune System’s Second Line of Defense responds to this (Hint: Macrophage).”  
In order to monitor the goal achievement of this learning task, Philip used the information 
collected from the storyboards to plan part of the next part of the learning task, where his goal 
was to review different concepts with the students “based on confusions from the previous lesson 
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that consistently were found in their storyboards” (Philip, Lesson Plan, week 3). After presenting 
an overview of the concepts they had covered the previous class, Philip projected a graph of 
antibody concentration versus time which modeled a primary and a secondary immune response. 
He asked students to answer, “How does this graph demonstrate the importance of B and T 
Cells?” According to Philip, he wanted his students to focus on the interpretation of the graph 
function instead of concepts in isolation; this, according to Philip, required his students to apply 
their understanding into a new scenario (Philip, Field Notes, week 6). After leaving time for 
independent work, Philip had a classroom discussion and then showed the same slide with the 
answer he was looking for.  
Overall, this activity can be considered as Guided Content. This task required students to 
engage in high-level cognitive processes in order to use what they had learned about the primary 
and secondary immune response to create the storyboard and to analyzing the graph. Although 
the students were using their understandings about particular concepts to analyze a graph, the 
main purpose of engaging in this analysis was not to help students understand how scientific 
knowledge develops, but to assess their understanding of these concepts.  
Learning task 2 (week 6). The central focus of this learning task was to “Explain how a 
human develops from a single cell into an organism with trillions of cells” (Philip, Lesson Plan, 
week 6). Similarly, the learning goal was to be able to explain how cell growth and replication is 
regulated and what happens when these regulatory mechanisms are compromised. According to 
Philip, there were five iterations during this activity; in each iteration Philip introduced key 
concepts and then asked the student to make predictions about the role of certain elements, where 
in the cell cycle they would operate, and why, using the concepts he had introduced. Students 
would talk first in groups about their predictions, and then have a classroom discussion in which 
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Philip would try to connect and compare students’ ideas. Philip also asked students to use the 
contextual elements (molecules present, the chronological order of cell division, etc.) in order to 
make their inferences (Field notes, week 6). At the end of each iteration, he would present 
students with the right model, so students could compare their predictions with the ‘canon’ 
model. At the end of the last iteration, the model had become more complex and depicted all the 
elements of the ‘canon’ model that Philip wanted his students to understand.  
For Philip, working on this modeling activity accomplished two of his goals. First, 
students needed to use relevant information to construct the model. By doing this, Philip believed 
that he was not giving his students the answers, which in turn would break the classroom culture 
around “knowing the answer.” Second, by having students working on this model together, 
Philip commented that he could be a facilitator, as opposed to telling students what to do (Philip, 
Interview). Philip added that by scaffolding group collaboration and by explaining to the students 
about the importance of working in that particular way, his students were able to understand the 
purpose of the activity, which allowed them to adapt over time. 
When reflecting about the goal achievement of this learning task, Philip focused on the 
conceptual understanding of his students and the difficulties they had for creating this cell cycle 
model. For example, he mentioned that “students struggled with the diagram and labelling it. 
Possibly a new, clearer diagram should be used when redoing this lesson” (Philip, Lesson Plan, 
week 6). He also added, “Students seem to have a hard time understanding how the processes of 
interphase and cellular division are within the cell cycle, and that cellular division can either be 
mitosis or meiosis.” Finally, Phillip commented that his “Students seemed to understand the 
checkpoints well and can explain their importance (80%). However, many of these concepts 
probably should be reviewed and reinforced” (Philip, Lesson Plan, week 6).  
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This task was categorized as Guided Content: Philip provided just enough guidance to 
help students to become “unstuck” when they had a difficulty without telling them what to do. 
Thus, although students’’ thinking was guided by Philip, the thinking and reasoning about how 
the different molecules that operated within the cell cycle, and the factors influencing their 
functions, was left to the students to a considerable extent. Nevertheless, the purpose of using 
this model was not to help students understand how scientific knowledge was constructed, one of 
the defining factors of Guided Practice tasks.  
Learning task 3 (week 10). During this learning task, Philip used the case of O. J. 
Simpson to contextualize the use of gel electrophoresis and the role of the evidence during the 
trial. After reviewing base-pairing and how restriction enzymes work, Philip told the students 
that someone had stolen his water bottle from his desk, and that he had the DNA samples of the 
eight suspects and the DNA sample from the crime scene. He divided the classroom into groups, 
and each group was assigned one of the DNA samples (a short DNA sequence of amino acids 
printed on a paper, each representing a unique DNA strand). In each group, students had to cut 
the DNA strand assuming a particular restriction enzyme had been used to digest the DNA, and 
draw in the handout where the fragments of DNA would run in the gel. After each group had 
shared the DNA profile of their DNA sample, they had to work in groups to find out who the 
culprit was by comparing the DNA profiles with the profile of the DNA found in the crime scene. 
At the end of the class, Philip lead a classroom discussion with his students where they discussed 
and compared the classroom crime with the O. J. Simpson case. They discussed the handling of 
the evidence and how it was possible to problematize the verdict based on the validity of the 
evidence.  
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For this activity, Philip stated that the central focus was to “Interpret genetic information 
in biotechnology applications to assess a crime scene” (Philip, Lesson Plan, week 10). The 
learning goals were closely related to the central focus. Philip’s students would be able to 
interpret gel electrophoresis results using genetics concepts (e.g., restriction enzymes, 
Polymerase Chain Reaction). Moreover, Philip expected that his students were going to be able 
to explain the implications and limitations of biotechnology applications. For Philip, the goal of 
having students analyze this information was to “figure out” who, among eight potential 
suspects, had committed a fictional crime using their DNA profiles as the evidence (Field notes, 
week 13).  
Philip mentioned additional goals for this learning task. First, the goal of analyzing data 
was that his students could figure out a problem on their own, as opposed to him telling them the 
answer. Second, Philip chose the O. J. Simpson case because there were social issues that were at 
play with regard to race relations. Philip used this case as an opportunity to discuss NOS and 
how social factors could influence science-related decisions. Finally, Philip focused on the use of 
blood as the evidence presented in the case to discuss with his students how, despite the use of 
the same molecular biology technique they were learning about during that learning task, it was 
argued during the trial that the evidence was compromised. By focusing on this, Philip wanted to 
help his students understand the relationship between a science-based conclusion and the 
evidence that supports it (Field notes, week 13). 
Philip provided guiding prompts to help students understand how restriction enzymes can 
cut a piece of DNA. However, in order to evaluate whether or not his students were 
understanding this topic, Philip asked these four questions in the handout students had to 
complete: (1) Are any two suspects alike? Why or why not? (2) What limitations are there to 
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using this technology for crime suspects? How could the evidence be compromised or 
inaccurate? (3) Testimonies from witnesses are leading a judge to believe that Suspect 5 is the 
perpetrator. How will you use evidence from the gel to support or refute this prediction? And (4) 
Based on evidence from the gel, how do we know that this person is the perpetrator?  With 
different scaffolding prompts, these questions left more room for interpretation and ambiguity; 
students had to apply their understandings to interpret the results and answer these questions.  
When reflecting on the goal achievement of this learning task, Philip said that one of the 
analysis questions asked students to discuss the limitations of the gel technique, and students 
were really good at connecting “why the argument for why the evidence was compromised was 
valid” (Field notes, week 13). In addition, Philip wrote:  
This lesson went well! Students were very engaged by the exciting topic, 
connecting the topic to the O. J. Simpson trial, and by “framing” a “suspect” in class. 
Although I feel students understand how restriction enzymes function and the basics of 
reading a gel, I think they still struggle with the connection between the fragments 
created by an enzyme and what shows up on the gel. (Philip, Lesson Plan, week 10) 
Therefore, Philip’s environmental representations focused not only on the behavior of the 
classroom as a whole, but also the difficulties his students had analyzing the results and their 
epistemic understandings about the validity of the evidence.  
This task was categorized as a Guided Integration Task: Philip designed a learning 
activity where his students were trying to make sense of the way restriction enzymes operate 
through the analysis of gel electrophoresis results. Philip also asked his students to use these 
results to discuss the implications of this technology in the context of a crime. Philip wanted his 
students to consider how the evidence presented during a trial could be compromised or 
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inaccurate, thus, asking them to consider epistemological criteria to evaluate the validity of the 
evidence and the claims drawn from it.  
Analysis of Philip’s representations in relation to the cognitive demand of his 
learning tasks. Philip had the overarching goal of helping his students become science literate, 
which, according to him, was achieved by engaging students in the use of science practices to 
explore different concepts. In order to achieve this goal, Philip expressed several goals that can 
be grouped in two different sets.. The first set of goals focused on helping his students 
understand particular concepts and ideas through the engagement of what he considered were the 
practices of science. The goal of engaging in scientific practices, according to Philip, was to use 
high-level cognitive reasoning to create artifacts that Philip could use to evaluate students’ 
understandings. Science practices, according to Philip, provided alternative ways through which 
students could demonstrate their understandings. This was evident in the way Philip stated his 
learning goals, which he did by using performance expectations,  
A second set of goals centered on the social transformation of the classroom. In this case, 
Philip wanted to change the way students experienced science in the classroom by creating 
activities where he had a guiding role while his students became less dependent on his input and 
scaffolding. Connected to this, Philip wanted his students to learn to collaborate with each other 
through the exploration of different problems. Philip also wanted his students to become more 
comfortable sharing their ideas and evaluating the ideas of others.  
The environmental representations Philip focused on to monitor the achievement of his 
pedagogical goals were also centered, for the most part, on the conceptual understanding of his 
students and the social dynamics of the classroom. Similar to Laura and Tessa, Philip constantly 
referenced the excitement of his students as evidence of the partial success of the learning task as 
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a whole. More frequently, Philip would evaluate goal achievement by focusing on the 
difficulties, challenges and ease students faced with the science ideas he had planned to cover 
during a learning task. Philip also focused on the connection between the engagement of his 
students with the science practices while learning and exploring particular science ideas. This 
focus was centered on the way in which the artifacts, as the result of engaging in a science 
practice, reflected the expected conceptual understanding. In other words, Philip’s reflections did 
not consider, for example, whether and how the way in which students understood the practice 
could influence their conceptual understanding, or vice versa.  
Philip’s mediating representations were reflected in the lesson plans he designed during 
the student teaching semester. In each lesson plan Philip designed, he included several 
opportunities for students to express and justify their ideas in small groups or with the whole 
classroom because according to his views about NOS, this could lead to a space where students 
could understand how science works. Philip designed opportunities for students to write 
explanations, design models and interpret scientific ideas because he considered that it would 
support and assess his students’ language demands. Philip constantly engaged his students in 
what he considered science practices because he considered the engagement in these practices as 
the path towards science literacy. Moreover, Philip did not include step by step procedures 
because he believed they did not reflect NOS. Instead, he left room for interpretation because he 
recognized the importance of open-ended inquiries in the learning processes of his students.  
The cognitive demand of Philip’s classes analyzed here was Guided Content and Guided 
Integration (Figure 6.1). By definition, one of the main differences between a Guided Integration 
task and a Guided Content task is the goal of the activity. Thus, although in both tasks students 
are asked to engage in the use of what could seem like scientific practices, the goal of Guided 
  147 
Integration tasks is to help students understand how scientific knowledge develops, whereas 
Guided Content tasks are intended to engage students in high-level cognitive processes with the 
goal of developing a deeper understanding a concept. In the case of Philip, the Cognitive 
Integration task he designed towards the end of the student teaching semester had the explicit 
goal of helping students develop an understanding of a concept while engaging in epistemic 
considerations about the validity of the evidence in science-related decisions. In addition, Philip 
chose the case of O. J. Simpson because of the social implications of this case played an 
important role in the manner in which the evidence was evaluated.   
In contrast, in the Guided Content tasks, Philip’s expressed goal of engaging student in 
the practices was to assess students’ understandings or to change the classroom culture and class 
dynamics. For example, as an assessment, students used what Philip considered a modeling 
activity to demonstrate their understanding of an immune system mechanism. However, the 
representations the students developed were evaluated for their level of “accuracy” in relation to 
an expected answer. In other words, the goal of creating these representations was not to develop 
a deeper understanding of how the immune system works, but to display a conceptual 
understanding of a topic. Moreover, Philip did not provide scaffolding that could help students 
decide whether or not their “model” was right. Thus, although students were using high-level 
cognitive processes during Guided Content tasks, they were not developing an understanding of 
how scientific knowledge is constructed.  
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Figure 6. 1. Visual representation of the cognitive demand of Philip’s academic tasks 
It is important to highlight that in contrast to the Guided Integration task, where Philip 
stated an epistemic goal and monitored its achievement, in the Guided Content task, Philip did 
not state an epistemic goal. This is important for several reasons. First, both Guided Content 
tasks analyzed here included elements that according to Philip would help students develop an 
understanding of NOS. For example, Philip recognized creativity as a central element of NOS, 
and one of the criteria to design the storyboards was to be creative. However, creativity here 
referred to the visual creativity to design an accurate representation, instead of creativity to 
construct scientific knowledge or devising scientific explanations.  
Second, these findings reflect the influence and scope of different mediating 
representations in Philip’s pedagogical decisions. Based on the lesson plans analyzed here, it can 
be said that the NOS-related mediating representation operated like a broad pedagogical design 
principle. This mediating representation helps to explain why Philip did not design tasks of lower 
cognitive demand, such as memorization, scripted content, or scripted practice tasks. 
Nevertheless, besides espousing NOS-related mediating representations to inform one’s 
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pedagogical decisions, the evidence suggests that explicit epistemic goals are also a prerequisite 
to design lessons with higher cognitive demand.
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 Chapter 7: Discussion and Implications 
The overarching purpose guiding this study is to add to the understanding of the factors 
that can influence how teachers design learning opportunities in the science classroom. More 
specifically, this study sought to investigate how mental constructs comprising environmental, 
mediating, and goal representations influence the cognitive demand of the tasks preservice 
teachers design. 
Summary of Research Questions and Major Findings 
The first question guiding this study is: what are the mediating, goal and environmental 
representations of preservice teachers as they plan for and reflect on their student teaching 
semester? I examined the beliefs, goals and contextual information that preservice teachers 
expressed throughout the student teaching semester. The purpose of this analysis was to gain a 
general sense of the pedagogical principles and the information guiding preservice teachers 
during the student teaching semester. 
Further, I explored to the subordinate question: what are the mediating, goal, and 
environmental representations of preservice teachers as they plan and reflect on their learning 
tasks? The purpose of this analysis was to explore the specific goals, beliefs, and contextual 
information that the student teachers expressed when planning and reflecting on their learning 
tasks. One of the main differences between previous models of teacher cognition and the goal-
driven model of cognition used in this study is that the former assume that self-reported beliefs 
will have an influence on teacher practices. The latter assumes that although a teacher might 
express, for instance, reform-oriented beliefs in support of a pedagogical approach, without a 
specific goal to use that pedagogical approach, he or she might not engage that approach in the 
science classroom (Hutner & Markman, 2017). This means that besides having a sense of the 
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general beliefs and goals that guide preservice actions, it is important to explore more 
specifically the beliefs and goals that guided the planning and enactment of a particular learning 
activity. Therefore, with this question, I am looking to understand what the learning goals of 
preservice teachers were when they designed particular learnings tasks, what they were trying to 
accomplish, and how they knew they had accomplished their goals.   
The third question guiding this study is: what is the cognitive demand of the academic 
tasks designed by preservice teachers? One of the end goals of a teacher education program is to 
prepare novice teachers to design learning opportunities where students use disciplinary ideas 
and science practices in a productive way. The Task Analysis Guide in Science (TAGS) 
framework provides a lens to investigate the alignment between preservice teachers’ goals, the 
scaffolds they provided to help students achieve these goals, and the environmental information 
they used to evaluate the achievement of their goala. I analyzed three learning tasks designed by 
each teacher at the beginning, middle, and end of the academic semester in order to have a richer 
perspective of their teaching practices. This analysis can reveal an alignment between the 
overarching goals found from the analysis of the first question, and the specific goals that they 
pursue in a learning activity (second question).  
The fourth question guiding this study is: what is the relationship between the mediating, 
environmental and goal representations and the cognitive demand of the tasks designed by 
preservice teachers? The answer to this question provides valuable information to better 
understand the relationship between teaching cognition and practices. By using the results from 
the analysis of question three as a proxy for science instruction, I can better understand how the 
goals and beliefs that preservice teachers hold influence their teaching practices in the particular 
settings in which they conducted their field experiences.  
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As discussed in Chapter 1, the science education community has struggled to fully 
understand the persistent use of didactic, teacher-centered pedagogical and curricular approaches 
in the science classroom. Recently, Hutner and Markman (2017) suggested that one of the factors 
contributing to this lack of understanding is that previous research has paid little attention to the 
goals that teachers have in their pedagogical decisions. This study used a goal-driven model that 
integrates the goals of a teacher, along with their knowledge, beliefs and contextual factors to 
understand science instruction. In addition, teacher practices were studied using Task Analysis 
Guide in Science (TAGS). This framework allows researchers to examine science tasks and 
instruction in terms of the cognitive demand and the integration of science practices and content, 
two dimensions critical to science learning (Tekkumru-Kisa et al., 2014). This study provides 
evidence that the way preservice teachers translate knowledge and beliefs into goals may 
influence the types of opportunities they design for their students to think, reason and engage in 
science practices and disciplinary ideas.  
Findings also suggest that the context of the student teaching experience and the support 
that preservice teachers receive by their mentors and instructors can influence whether and how 
they translate their goal, environmental, and mediating representations into the design of learning 
activities. Overall, the findings from this study suggest that in order to better understand 
teacher’s practices, it is important to consider not only their knowledge and beliefs, but also the 
goals that they are trying to pursue.  
Discussion of Findings  
This study makes three claims regarding the connection between science teacher 
cognition and science instruction:  
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First, mediating representations may influence classroom practice when teachers are 
able to operationalize them into tangible goal representations. In this study, teachers expressed 
beliefs that reflected the theoretical foundations they were exposed to during their teacher 
education training. However, some of the learning tasks they designed were not guided by goals 
that reflected their espoused beliefs and knowledge. Therefore, even though preservice teachers 
express reform-oriented knowledge and beliefs, these will not be reflected in their pedagogical 
practices unless they can be translated into attainable instructional goals.  
Moreover, the student teaching context and the support received by mentors and 
instructors influenced whether and how preservice teachers translated their mediating 
representations into goal representations. Laura and Tessa, for example, had difficulties 
translating their vision of constructivism within their classrooms. Laura had to deal with constant 
disciplinary issues for instance. For her, scripted procedures were the means through which she 
was able to control student behavior, then allowing students to work more independently. In the 
case of Tessa, she acknowledged it was more productive to create activities where students 
worked independently than designing tasks that required students to share their ideas in public, 
something they did not feel comfortable doing. Philip, in contrast, was in a context where 
students felt comfortable talking in public, and without the distractions and limitations imposed 
by disciplinary issues, he was able to enact tasks where he could guide, instead of control, 
student engagement.  
Second, the goals that preservice teachers set for engaging students in the use of science 
practices to learn disciplinary ideas influence the cognitive demand of the tasks they design. 
Similar to Sandoval et al. (2016), these teachers had different goals to engage students in the use 
of science practices. In some learning tasks, student participation with science practices was used 
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by the three preservice teachers to reinforce science concepts that had been covered before. 
When this was the goal, the practice was treated as a vehicle for learning concepts; students 
could develop a deeper conceptual understanding, but not how scientific knowledge was 
constructed. Moreover, practices were used as a means to produce artifacts reflecting evidence of 
students’ understanding. When this was the goal of using science practices, preservice teachers’ 
reflections about students’ understanding were centered on their conceptual mastery, but not on 
the challenges and ease learners had when engaging with a particular science practice.  
In addition, the goal of some tasks was to help students learn a method, without a clear 
connection with the scientific ideas of the task. These novice teachers expected students to 
understand, for instance, how to design an experiment, without using the central ideas of the unit 
to consider how theoretical and practical dimensions could affect the design of the experiment. In 
some learning tasks, the goal was to provide exciting experiences with the topic. For Laura, 
Tessa, and Philip, an overarching pedagogical goal was creating a learning environment where 
students enjoyed science. They designed learning activities where students could feel excited or 
interested about the topic. Finally, and different from Sandoval and coworker’s study (2016), the 
goal for a couple of learning tasks was to foster students’ understanding of the content and the 
construction of scientific knowledge. The two high cognitive demand tasks, Laura’s learning task 
1, and Philip’s learning task 3, are an example of this; these tasks included goals to help students 
make sense of scientific ideas through the engagement of scientific practices.  
Third, the scaffolding that preservice teachers provide to their students is related to the 
learning goals they set. The scaffolding that these teachers designed focused, for most tasks, on 
the product instead of the process. The goal of most tasks was helping students understand a 
particular set of ideas. For these tasks, the scaffold restricted students’ agency; students could 
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achieve the expected outcome by following the step-by-step protocols provided by the teachers. 
For the two high cognitive demand tasks, Laura’s task 1, and Philip’s task 3, where the goal was 
to help students understand how scientific knowledge was constructed, the scaffolds focused 
students’ attention on epistemic considerations, such as the reliability of the evidence or the 
strength of the evidence supporting an argument. These scaffolds did not prompted students to 
reach a particular answer, but to make sense of the main scientific idea. In the following section I 
expand each of these claims.  
Discrepancy between mediating representations and science instruction. One of the most 
recurrent findings in science education is the discrepancy between the self-reported pedagogical 
approaches that teachers pursue and their observed classroom practices (Crawford, 2007; Jones 
& Leagon, 2014; Van Driel, Berry, & Meirink, 2014). Thus, while teachers may report reform-
oriented beliefs and knowledge, their classroom practices favor traditional and didactic 
approaches to teaching. Given this inconsistency between practice and pedagogical preferences, 
it has been argued that there is not a direct relationship teachers’ beliefs and practices (Fang, 
1996; Gess-Newsome, 2015; Mansour, 2009). Instead, different authors suggest that the 
relationship between cognition and behavior is more complex, and that it is necessary to take into 
account the goals that teachers pursue and the influence of the context to have a better picture of 
this relationship (Aarts & Elliot, 2012; Hutner & Markman, 2017).  
In this study, I use a goal-driven model that considers goals as fundamental drivers of 
cognition leading to practice (Hutner & Markman, 2017). This model considers that teacher’s 
beliefs and knowledge, together with contextual factors influence science instruction. Different 
from previous models of teacher cognition, this goal-driven model assumes that “a teacher’s 
goals are ultimately the mental constructs that engage the motivational and behavioral system, 
  156 
leading to action” (Hutner & Markman, 2017, p. 713). This offers an alternative explanation to 
the discrepancy between cognition and classroom practice mentioned before. According to this 
model, holding beliefs and knowledge that are emphasized in the teacher education program is a 
necessary but not a sufficient condition to adopt pedagogical practices aligned with those views. 
Instead, teachers practices are an attempt to satisfy one or more goals, and unless these goals are 
aligned with the reform-oriented pedagogical views espoused by the teacher education program, 
the practices of this teacher might not resemble reform-oriented pedagogical practices.  
The results from this study provide evidence in support of this model. The evidence 
suggests that although preservice teachers may express reform-oriented knowledge and beliefs, 
these will not be reflected in their pedagogical practices unless they can be translated into 
attainable instructional goals. The mediating representations of the three preservice teachers 
varied in scope and disciplinary specificity. Some mediating representations were described by 
teachers as justifications for their pedagogical actions. For example, Tessa justified the use of 
hands-on activities in her learning tasks because they provided opportunities for students to 
develop “scientific skills.” Stated in this manner, mediating representations guided teachers to 
choose particular actions and instructional activities. These broad mediating representations 
operated like pedagogical heuristics that guided participants to engage in certain actions. By 
themselves, however, these broad mediating representations lacked the criteria that could guide 
the design of academic tasks with high cognitive demand. 
Other mediating representations, despite their domain general nature, had a persistent 
influence in the pedagogical decisions that teachers made. For example, these three teachers 
considered the language demands or students’ challenges in science as difficulties with the 
vernacular scientific vocabulary. This mediating representation was used by the participants as a 
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way to justify the need to constantly focus students’ attention to particular words. For example, 
Laura designed handouts where her students could write important definitions because she 
believed her students were not going to learn those concepts anywhere else. Tessa included 
visual representations of different concepts during her learning tasks, such as images of 
molecules and chemical reactions, to reinforce concepts that according to her were difficult to 
remember if they were only presented in text form. Philip devoted short periods of time within 
his lessons where students had to define central concepts in their own words. The preservice 
teachers used these mediating representations to justify specific routine practices included in 
their academic tasks. Parallel to the previous mediating representations, domain general 
representations do not guide preservice teachers in the design of high cognitive demand tasks.   
Another important factor influencing classroom practices and thus, the cognitive demand 
of the learning tasks, was the context in which these preservice teachers were placed (Chen & 
Mensah, 2018). For example, Tessa believed in the importance of collaborative work; she 
believed that when students would bring their strengths and understandings to solve a science-
related problem with their peers, they could solve it without close guidance from the teacher. 
However, when she tried to engage her students in this type of work, she realized that her 
students had difficulties for making decisions without her help. As a result, she decided to rely on 
scaffolds that facilitated student work, but that resulted in a decrease of the cognitive demand of 
the learning tasks she designed.  
In this study, Laura’s learning task 1 and Philip’s learning task 3 were the only tasks 
categorized as guided integration. According to Tekkumru-Kisa and coworkers (2014) high 
cognitive demand tasks provide scaffolds that are intended to reduce the complexity of the 
learning activity by defining and constraining an otherwise ambiguous task, highlighting 
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epistemic features (e.g., how do we know, why do we believe it?) and prompting students to 
consider the connection between evidence, their previous observations, and scientific ideas. Both 
of these tasks had these features; they articulated epistemic goals, together with how students 
were going to use science practices to engage with the content. The goal of these tasks was to 
help students develop a deeper understanding of a scientific phenomenon while helping them 
understand how scientific knowledge was constructed. Interestingly, Laura and Philip shared 
similar views about NOS; both of them considered the importance of creating opportunities 
where students could evaluate the validity of a claim.  
Moreover, Laura and Philip recognized that being able to evaluate scientific ideas was an 
important skill that students were going to need in their everyday lives. What was more 
important, perhaps, is that they were able to translate their views about NOS, at least partially, 
into attainable goals. In Laura’s case, she wanted her students to search and identify evidence to 
support a scientific claim. In Philip’s lesson, for example, he wanted his students to understand 
the role of evidence in a science-related issue.  
Laura and Philip were able to translate their mediating representations about NOS into 
tangible goals for some learning tasks, but not for other tasks. Laura, for example, designed a 
task where students designed a physical model of a DNA molecule using candies. Although she 
recognized the affordances of models to represent concepts that are otherwise hard to visualize, 
she did not have goals to use, revise, apply, or defend students’ models in order to help them 
develop a richer understanding of this topic (Lehrer & Schauble, 2012). In other words, Laura’s 
focus was on the production of the canonical structure of DNA.  
Philip, on the other hand, used a modeling activity to help students understand the cell 
cycle. Similar to Laura, Philip did not discuss the explanatory power of the model, or the 
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symbolic elements that constituted the model. From the evidence analyzed in this study, the 
translation of mediational representations about NOS into specific pedagogical goals was limited 
to certain scientific practices, such as the use and analysis of evidence, or the construction of 
evidence-based arguments. In contrast, the NOS views that these teachers had were not reflected 
in learning tasks where students had to construct or use models, or to design their own 
experiments, in part, because they did not set epistemic goals for the engagement with these 
practices. Moreover, in these learning tasks participants did not includ scaffolds that supported 
students’ participation with these science practices.  
These results provide an alternative explanation for the discrepancy between beliefs and 
classroom practices. Although teachers can express sophisticated and nuanced understandings 
regarding the nature of science and inquiry-based instruction, their practices will not necessarily 
reflect their beliefs and understandings if they cannot operationalize them into pedagogical goals. 
Moreover, these goals need to specify how students will engage in the use of science practices 
and content for each academic task.  
The results of this study also speak to the core practices movement led by scholars from 
different fields who argue that novice teachers should learn a set of complex skills that can 
support the learning and achievement of all students in different subject areas (Hiebert et al., 
2007; Windschitl et al., 2012). As described in Chapter 2, one of such frameworks includes the 
skills of setting learning goals for students, assessing whether goals are being achieved during 
the lesson, developing hypotheses about why the lesson did or did not work well, and revising 
the lesson on the basis of these hypothesis (Hiebert et al., 2007). This is just one of several 
frameworks that has been developed with regard to effective teaching practices. What this and 
other models have in common is the recognition that reflection is at the core of the development 
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of the teaching practice by learning through practice (Loughran, 2002). Within the model of 
Hutner and Markman (2017), reflection is a cognitive process that makes use of the active goal, 
mediating and environmental representations to guide the actions and thoughts of the teacher. It 
is through this process of internal self-dialogue that learning about teaching takes place. That is, 
when preservice teachers reflect about their learning goals for a given academic task in relation 
to the evidence of students’ understandings, then, the teacher comes to create new mediating 
and/or goal representations, which is at the heart of learning from practice.  
In this study, participants detailed learning goals in terms of concepts, science practices, 
or the integration of both. I argue that goals that integrate both, science concepts and practices, 
are more conducive to reflection and thus, have the potential to help novice teachers improve 
their classroom practices. Consider Laura and Philip, the two participants in this study who 
designed academic tasks guided by learning goals that integrated science concepts and practices 
(task 1 and task 3, respectively). When reflecting back about their teaching, Laura and Philip 
focused on specific aspects of students’ use and analysis of evidence to make sense of the 
phenomenon, instead of focusing on the overall classroom climate during the task. Laura, after 
enacting the academic task, reflected on the types of scaffolding that she would had needed in 
order to help her students engage in the way she envisioned. In the case of Philip, his reflections 
focused on specific aspects of students’ conceptual understandings and their difficulties engaging 
in the analysis of evidence. These kinds of reflections were not characteristic when the 
participants designed academic tasks with goals that separated disciplinary concepts from 
science practices. Therefore, these results suggest that goals that merge disciplinary concepts 
with science ideas facilitate novice teachers’ sense making by focusing on disciplinary aspects of 
students’ participation, making reflection more effective to improve their teaching of science.  
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This is not to say that having productive goals is enough to improve one’s teaching 
practices through reflection, or to enact academic tasks of higher cognitive demand. Teachers 
need to recognize what environmental representations count as evidence that students are 
achieving the learning goals, which requires them to design learning opportunities where 
students can produce such evidence. In this study, most of the assessments designed by 
participants focused on the evaluation of the conceptual understanding of students. Perhaps more 
important is that they rarely mentioned these assessments when prompted to evaluate the 
effectiveness of their teaching practices. Instead, participants focused on students’ overall 
response to the activity to evaluate whether a learning task had been successful or not. The 
findings suggest that the evidence that preservice teachers collect to evaluate their own teaching 
practices is connected to the specificity of the goals they pursue. Although the evidence is limited 
in this regard, the findings suggest that teachers focus on students’ engagement in science 
practices when they specify what their goal is for their student participation in these practices.  
It is clear that setting goals alone is not enough to design and enact authentic learning 
tasks. Teachers also need to use pedagogical approaches that can help them orchestrate 
classroom participation in ways that can keep up the cognitive demand of the task. Tessa, for 
example, designed a learning activity at the beginning of the student teaching semester where 
one of her goals was to let her students design their own experiments to explore a phenomenon. 
Tessa later recognized she had difficulties providing the pedagogical support that her students 
needed to achieve this goal. Therefore, the role that mediating goals can have in the design and 
enactment of learning tasks is dependent on the pedagogical knowledge that novice teachers 
have about how to pursue these goals. However, because teachers will not enact academic tasks 
of high cognitive demand if they cannot specify learning goals intended to help students make 
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sense of a phenomenon through the engagement in science practices, it is important to consider 
the importance of setting goals that specify the way in which students will participate in 
particular science practices. 
According to Hiebert and coworkers (2007), describing learning goals “requires 
unpacking them into component goals or sub-goals” (p. 51), which is a skill where subject matter 
competence can make a difference. In this study, I did not collect evidence to compare the 
subject matter competence of the participants. However, two aspects in which Laura and Philip 
differ from Tessa are their research experience prior to enrolling in the teacher certification 
program and their understandings about NOS. On one hand, it has been shown that meaningful 
research experience is related to more effective teaching practices (Windschitl, 2003). On the 
other hand, different to Tessa, Laura and Philip understood that science concepts and practices 
should not be separated but integrated in learning tasks. Taken together, it is possible that 
mediating representations regarding the relationship between concepts and practices can 
facilitate the unpacking and description of learning goals that better reflect the nature of that 
relationship.  
Taking these elements together, it is possible that goals that characterize high cognitive 
demand tasks could be also goals that are productive for reflection about the impact of 
instructional decisions. Based on the findings from this study, I argue that teacher education 
programs should help preservice teachers learn to adopt goals that combine practices and 
scientific ideas, together with epistemic goals that highlight how students are going to engage in 
the practices to make sense of a particular phenomenon.  
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 Teachers goals for engaging students with science practices. The goals preservice 
teachers set for engaging students in the use of science to learn disciplinary ideas influenced the 
cognitive demand of the tasks they designed. One of the affordances of using a goal-driven 
model is that it prompts the researcher to focus on the particular goals that a teacher had when 
designing a learning task. When coupled with an analysis of the cognitive demand of the 
particular task designed, it is possible to examine the alignment between the goals of a teacher 
and the opportunities they provide to students to reason.  
Similar to Sandoval and coworkers’ findings (2016), the analysis here shows that the 
goals of teachers for engaging students with science practices were to reinforce concepts 
previously covered, evaluate students’ understandings of a concept, to try to help students 
understand a particular skill without a meaningful connection with disciplinary ideas, or to create 
activities where students could feel excited. In these cases, the cognitive demand of the task was 
limited, especially when students had to follow scripted procedures designed by the teacher. In 
Laura’s learning task 1 and Philip’s learning task 3, the goal was to help students understand 
particular science practices and content. Laura and Philip seemed to understand that students 
should learn science ideas through the engagement in science practices. In contrast, Tessa had 
more difficulties expressing how students could learn disciplinary ideas and science practices in 
an integrated manner. Instead, she considered that as long as students had opportunities to engage 
with science practices, and opportunities to learn concepts, they would develop an understanding 
of both, concepts and practices. This suggests that teacher education programs should help 
student teachers understand how engagement in science practices can help students develop a 
deeper understanding of disciplinary ideas and how science works.  
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Different authors have suggested models where the knowledge required for teachers to 
teach effectively is topic specific. According to Gess-Newsome (2015), for example, previous 
models of teacher professional knowledge, such as PCK proposed by Shulman, were based on 
generic knowledge bases (e.g., knowledge about assessment, pedagogy, students, curriculum, 
content). Although generic knowledge emerges from research and best practices, it is limited in 
application. Instead, Gess-Newsome suggests that teachers need topic-specific knowledge (i.e., 
force and motion) about pedagogy, subject matter, and context. Similar to the recently revised 
model of PCK (Gess-Newsome, 2015), setting learning goals that aim at developing students 
understanding of scientific ideas and practices seem to be domain topic specific. For example, 
Philip set epistemic goals for the design of his high cognitive demand task, but not for the other 
tasks analyzed here. In addition, although the evidence is limited to a couple of tasks, setting 
epistemic goals for a learning task seems to be practice-specific as well. In other words, for some 
teachers, it might be easier to set epistemic goals for tasks related to some practices, such as 
engaging in argument from evidence, than for tasks including, for instance, the development of 
models.  
This does not mean that all goals are and should be related to student engagement with 
science practices. Some goals emerge as a response to the sociocultural context in which teachers 
are embedded. Similar to other studies, these teachers underscored the affordances and 
constraints of their individual placements as tensions for translating their self-reported beliefs 
and knowledge into classroom practice (Crawford, 2007; Forbes & Davis, 2010). For each of 
these teachers, contextual characteristics, such as school culture or mentor support, had a 
significant impact in the goals they set as teachers. Laura, for instance, struggled with student 
engagement. Throughout her student teaching experience, she expressed the challenges she had 
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with disciplinary issues and the lack of student participation in her classroom. As a result, Laura 
focused her efforts to design activities that facilitated student participation. Given the lack of 
motivation that her students had for science, Laura also designed activities to generate interest 
and excitement among them. The tasks that she designed to achieve this goal relegated the 
importance of practices; the goal was not to help students understand the practice, but to generate 
interest or to decrease the difficulty of the task to avoid frustration from her students. Moreover, 
Laura had to prepare her students for standardized testing, and she designed activities to 
accomplish that. Although she was aware of the lack of disciplinary authenticity of some of these 
tasks, she also recognized the responsibility she had with her students to help them succeed in 
these tests.  
Again, these results suggest that exploring the set of goals that preservice teachers aim to 
pursue provide an additional lens to better understand their teaching practices. In some instances, 
the decisions that these teachers made were not coherent with some of the reform-oriented 
beliefs they reported. Their teaching practices were also a response to the environment in which 
they were conducting their student teaching practicum. In some instances, for example, these 
participants had to prioritize school goals over their own personal goals. In this regard, Webel 
and Platt (2015) described how conflicts among the different goals that mathematics teachers 
have and their professional obligations affected their classroom practice. In contrast to literature 
that attributes difficulties in teacher change to individual characteristics, such as knowledge and 
beliefs, these authors argue that teaching needs to be considered a cultural activity. This means 
understanding the affordances and constraints of the context in which preservice teachers are 
placed.  
  166 
Goal conflict can help explain why some of these teachers engaged in practices that are 
not aligned with their reported beliefs. In the case of Laura, for example, the goal of preparing 
students for standardized testing was in conflict with her goal of fostering in her students the 
ability to design their own experiments. Give this conflict, Laura designed a learning tasks with 
scaffolds that prompted students to reach a particular outcome, one step at a time. In other words, 
this goal conflict resulted in the design of a learning task with a low cognitive demand. Findings 
from this study can guide the work of teacher educators, because it suggests that in order to 
provide better support to student teachers, it is important to understand the set of goals that they 
trying to pursue. Considering that there is little research between the alignment of the 
pedagogical goals that preservice teachers have and the goals of the context in which they are 
placed, this study provides a small contribution to this gap.  
Need of scaffolds to achieve learning goals within a particular context. Students face 
several obstacles in developing an understanding of the nature of science through the 
engagement of inquiry activities, and they require explicit support in order to learn science 
practices, concepts, and how scientific knowledge is constructed (Sandoval & Reiser, 2004). This 
disciplinary learning is unlikely to develop through direct instruction or self-discovery. Instead, 
students need strategic forms of support that prompt them to focus on elements of the problem 
that are salient to the discipline (Duschl et al., 2007). However, teachers have difficulties 
scaffolding experiences in this way. Teachers either give students too much freedom without 
scaffolding student thinking, or provide scaffolding that focuses on finding the expected answer 
(Marx, Blumenfeld, Krajcik, & Soloway, 1997; Reiser & Tabak, 2014).  
The three teachers had ambitious visions for teaching science; however, they recognized 
the difficulties of enacting their visions in their settings. Throughout the student teaching 
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semester, Laura expressed her difficulties with behavioral issues in the classroom and with a lack 
of student participation. Although the first academic task she designed had a high cognitive 
demand, she observed that her students had difficulties with the activity and that they did not 
seem to have enjoyed the task the way she expected. According to Tessa, her students were used 
to following scripted materials and talking only to the teacher. In both cases, these preservice 
teachers used these contextual characteristics to justify the use of scaffolds. These scaffolds, 
however, were focused on helping students reach an expected result or answer, thus, decreasing 
the cognitive demand of the tasks they designed. In scaffolding research, it has been shown that 
when the focus of the scaffold is on supporting the product but not the process, the scaffold can 
become an obstacle to learning (Reiser & Tabak, 2014).  
The scaffolds that accompanied the academic tasks analyzed in this study prioritized the 
learning goals that they had included for those tasks. For example, only the two guided 
integration tasks integrated conceptual and epistemic scaffolds. Philip and Laura had explicitly 
set epistemic goals that included the evaluation of the validity of evidence. The goals of scripted 
integration tasks, in contrast, were not to evaluate ideas or construct an explanation, but to 
demonstrate a concept. Not surprisingly, the scaffolds provided step-by-step procedures without 
prompting students to make sense of their results using criteria to connect the procedure to core 
disciplinary ideas. Although tasks with a lower cognitive demand are not inappropriate for the 
particular topic and context in which they are enacted, they will not result in the development of 
a deeper understanding of how scientific knowledge is constructed. Therefore, it is important that 
preservice teachers recognize the affordances and limitations for student thinking of the scaffolds 
they provide.  
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Mediating representations about NOS were also related with how these teachers viewed 
scaffolding. Laura and Philip explicitly recognized the inverse relationship between the level of 
guidance and the authenticity of the learning task with scientific inquiry. Although they did not 
specify the characteristics of a productive scaffolding, they seemed to understand that scripted 
procedures restricted students’ productive engagement with disciplinary work. Tessa, on the 
other hand, considered “inquiry activities” as a productive way to develop students’ 
understanding of NOS. These activities were valuable for Tessa because they could help students 
develop skills that she considered important for working as a scientist. In Tessa’s case, the 
scaffolds that she designed prompted students to engage in science practices and mathematical 
thinking by following step-by-step procedures. By prioritizing the development of skills without 
connections to disciplinary and epistemic criteria, the cognitive demand of Tessa’s academic 
tasks was relatively low compared to Laura’s and Philip’s learning tasks.  
As mentioned before, and similar to other studies, participants’ goals and pedagogical 
visions were in conflict with the existing school culture, which valued the knowledge coming 
from the teacher and not from students’ disciplinary work (Jimenez-Aleixandre et al., 2000; 
Reiser & Tabak, 2014). Each of these participants recognized that their mentor teacher’s 
classroom and teaching approach were, for the most part, traditional in the sense that the mentor 
teacher dominated classroom discussions and students had a passive role as note takers. Given 
the gap between the sociocultural practices of a traditional classroom and the practices used by 
scientists, it was highly unlikely that these participants could have enacted the versions of 
science learning that they had envisioned during their student teaching (Duschl et al., 2007). The 
results from this study suggest that scaffolds, strategically designed, could work as bridges 
between teachers’ pedagogical goals and the context in which they learn to teach. The goal for 
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teacher educators then, is to help preservice teachers design learning lessons with scaffolds that 
bridge the current classroom culture with the practices of the discipline that they envision.  
In sum, while it is possible that teachers report reform-oriented pedagogical beliefs, the 
characteristics of the settings in which they are learning how to teach will influence how they 
think about the feasibility of their beliefs. When teachers believe that the school culture is not 
conducive to the enactment of reform oriented pedagogical practices, their practices tend to align 
with more traditional and didactic approaches. Teachers become increasingly skeptical, in part, 
because the difficulties they face for enacted learning plans that could resemble their pedagogical 
vision. The results from this study highlight the importance of helping preservice teachers create 
scaffolds that bridge their pedagogical beliefs and goals with the school culture and the goals of 
the school. These scaffolds should help preservice teachers design and enact learning tasks that 
gradually increase their cognitive demand from guided content and guided practices to guided 
integration. 
Implications 
There are several implications that can be drawn from the findings of this study. First, the 
results from this study provide supporting evidence for the goal-oriented model of cognition 
proposed by Hutner and Markman (2017). While previous models have explored teachers’ 
practices by considering the characteristics of the context and/or teachers’ knowledge and beliefs 
about teaching and learning, a focus on the goal representations that teachers pursue provides a 
productive window to better understand their practices. In this study, the teaching practices of 
these preservice teachers were reflections of their mediating, goal, and environmental 
representations. For example, Tessa believed in the importance of collaborative work where 
students had to decide the best way to proceed in order to complete a task. However, after 
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observing the difficulties that her students had when making their own decisions about 
experimental design, she decided to include scripted tasks to support student engagement in this 
practice. Tessa’s goals were also focused on helping students understand either content or skills, 
without a meaningful integration of both. Taken together, this analysis provided a richer picture 
to understand the factors resulting in the lower cognitive demand of Tessa’s academic tasks. 
Therefore, the implications from these findings is that research on teacher cognition should 
consider the relationship between goal, environmental and mediating representations and how 
these mental states influence classroom practices.  
Second, this study suggests that helping student teachers develop and pursuing goals that 
characterize high cognitive demand tasks has the potential to improve their teaching practices. In 
this study, Philip and Laura were able to reflect on students’ use and understanding of 
disciplinary ideas when they designed tasks that asked students to engage in the use of practices 
to learn scientific ideas while also considering the role of evidence to analyze information. The 
ability to set and pursue epistemic goals and goals that integrate science practices and concepts 
seemed to be dependent on the way participants understood how students’ engagement in science 
practices was related to learning scientific ideas. In contrast to Tessa, Philip and Laura had had 
research experiences prior to entering the program. According to Windschitl (2003), teachers 
who have significant research experience are more likely to use guided and open inquiry. 
Although this author suggests providing research opportunities to preservice teachers, an 
alternative pathway is to help preservice teachers understand the relationship between science 
practices and disciplinary ideas in connection to learning.  
Third, there is evidence that the characteristics of the context in which preservice teachers 
conduct their student practicum influence their teaching practices as their pedagogical beliefs 
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change. For example, preservice teachers can become skeptical about the feasibility of 
implementing reform-oriented pedagogical approaches in their placements, which results in the 
adoption of traditional classroom practices (Crawford, 2007). In this study, preservice teachers’ 
skepticism resulted in a decrease of the cognitive demand of the tasks they designed. This was 
evident in the step-by-step scaffolds they provided to support student participation in the learning 
activities. For example, although Laura started her student teaching semester trying to pursue 
reform-oriented goals, such as engaging students in the authentic use of science practices to learn 
disciplinary ideas, her skepticism resulted in the pursue of more traditional goals, such as 
learning practices without connections with the concepts.  
The implication from these findings supports the importance of helping preservice 
teachers develop knowledge of students and of science curricula (Gess-Newsome, 2015). This 
knowledge can help preservice teachers pursue goals that characterize tasks with higher 
cognitive demand while responding the particular characteristics of the classroom. For example, 
in a classroom where students are used to follow instructions to find expected results, preservice 
teachers might need to start implementing guided content and guided practices tasks which are 
more cognitively demanding than the scripted tasks students are accustomed to follow. Over 
time, preservice teachers can start designing guided integration tasks, which require that they 
understand the connections between practices and concepts. Designing and implementing guided 
integration tasks is important as the findings from this study suggest; guided integration tasks 
seem to help teachers focus on student engagement in particular practices when reflecting on the 
impact of their instructional designs. Because novice teachers can only improve their teaching 
practices when they assess the effects of teaching on student learning, the design and enactment 
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of these tasks could have the potential of helping novice teachers revise their pedagogical 
practices. 
According to Gunning and Mensah (2011), teacher education programs should foster the 
development of perceived self-efficacy. In this study, I have shown that preservice teachers’ 
decisions are a response to satisfy their personal goals, the goals of the teacher education 
program, the school program, and the goals of the edTPA assessment. I argue that the 
development of preservice teachers’ perceived self-efficacy in science teaching requires a 
consideration about how these multiple goals overlap and conflict in order to consider the 
additional supports that preservice teachers need to achieve these goals. For example, Laura had 
ambitious goals of helping her students learn science through inquiry. However, this goal was in 
conflict with the goal of her school, which was to prepare her students for the State test. The goal 
of the school was also in conflict with the requirements of the edTPA assessment, which asked 
Laura to document evidence of her students’ engagement in science practices that they had rarely 
participated in before. Similarly, although Laura wanted to foster students’ argumentative skills, 
her students were not used to argue with each other. Because she did not know how to scaffold 
students’ gradual participation with this and other science practices, she concluded that she 
lacked the preparation to enact her own goals, which led her to design academic tasks with lower 
cognitive demand. In other words, it is possible that when preservice teachers set ambitious goals 
without having the adequate preparation and support from their peers and mentors, their 
perceived self-efficacy decreases. The implication of these findings is that in order for teacher 
education programs to cultivate the self-efficacy of student teachers, they need to consider the 
goals that preservice teachers need and want to pursue and provide them with pedagogical tools 
to be able to enact these goals.  
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In terms of research, the findings from this study also suggest that in order to better 
understand the practices of preservice teachers, it is important to consider the personal goals that 
they want to pursue, together with the goals of their teacher preparation programs and the 
schools where they conduct their field experience. In a study conducted by Webel and Platt 
(2015), for example, they investigated the goals that two mathematics teachers had in relation to 
their teaching practices. They discussed that if they were to consider these teachers’ goals in 
isolation and compared them to their teaching practices, they would have concluded that the 
teaching practices of these two teachers did not correspond to their espoused beliefs. Instead, 
these authors suggest studying preservice teachers goals together with the broader goals that they 
see as teachers. I take a similar stance here. Certainly, there are goals that preservice teachers 
need to pursue that are beyond their control and that can conflict with their own goals. For 
instance, Laura’s obligation to prepare her students for the State test influenced how she 
designed her tasks. Similar to the goals of the State test, Laura considered as an important goal 
that her students learned to design their own experiment, to be able to identify independent from 
dependent variables, and to come up with researchable questions. However, she also recognized 
the time constraints to achieve this goal in relation to the difficulties that her students had in 
designing experiments. Based on these limitations, it can be argued that Laura was not really free 
to let her students come up with their own questions and explore them. Laura recognized that the 
State test goals were very ambitious, almost unrealistic; Laura also recognized that achieving her 
own goals would require more time than the one she had. Laura solved this goal conflict by 
making a compromise with her own mediating representations. Although she believed that 
scripted tasks were antithetical to the nature of science, she recognized that providing students 
with a scripted task was a time-effective way to prepare students for the State test while 
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providing them with an initial experience where they could start thinking about the design of 
experiments. 
In other occasions, teachers perceive their goals as obligations they have as science 
teachers, and these obligations can conflict with other goals they have. One of Tessa’s perceived 
obligation as teacher, for instance, was to avoid student confusion with math-related problems. 
At the same time, her goal as a science teacher was to help her students to explore natural 
phenomena using graphs and equations. A look at Tessa’s tasks shows that her perceived 
obligation to avoid student confusion led her to provide prompts that reduced the cognitive load 
of math-related problems. In some cases, these perceived obligations can act as impediments to 
making changes in their teaching practices by creating constraints in teachers decision making 
(Webel & Platt, 2015). These dilemmas raise questions about the types of support that could help 
preservice teachers like Laura, Tessa, and Philip pursue the goals that they envision while 
addressing broader goals, such as the school’s pedagogical aims or the teacher education 
program’s requirements.  
It would be desirable to place preservice teachers in schools with pedagogical approaches 
and goals that align with those of the teacher education program and the preservice teacher. 
However, because this is an unrealistic expectation, I would argue that teacher education 
programs need to help preservice teachers evaluate the alignment among their personal goals as 
science educators, the goals of the program, the goals of the mentor teacher, and the goals of the 
school. This evaluation should include the environmental representations that can facilitate or 
constraint the achievement of reform-oriented goals, and the consideration of pedagogical 
approaches, curricular materials and scaffolds that would be needed to achieve these goals.  
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The results from this study shed light into the discrepancy between teachers’ espoused 
beliefs and their practices. Similar to Hutner (2015), I argue that teachers reported goals and 
perceived obligations can sometimes conflict with one another. That is, the resolution between 
goals and perceived obligations can lead to the adoption of teaching practices that can conflict 
with teachers’ espoused beliefs. I argue that in order to help preservice teachers adopt practices 
that are aligned with their mediating representations, it is necessary to help them consider the 
conflicts both among their own personal goals and among their goals and the goals they are 
accountable for. I suggest that the role of teacher educators is to help preservice teachers 
recognize the potential conflicts among their goals and provide them with supports intended to 
bridge these conflicts through the adoption of effective teaching practices. That it, it is possible 
that the potential to improve teacher practices resides in the recognition of the gap among 
different goals and the adoption of teaching practices that can help preservice teachers pursue 
different goals.  
The final implication from this study is that teacher education programs should help 
preservice teachers understand the epistemic criteria that can help students engage in meaningful 
versions of each scientific practice. In this study, Laura, Tessa, and Philip designed different 
academic tasks where their students engaged in different science practices, to learn, or not, 
scientific ideas and how science works. However, their ability to integrate science practices and 
disciplinary ideas seemed to be practice specific. For example, Philip was able to engage 
students in the evaluation of evidence when analyzing data. However, when engaging his 
students in modeling activities, he did not include epistemic criteria that could help students 
understand the goal of using models in science. Since the consideration of epistemic criteria was 
related to tasks with higher cognitive demand, preservice teachers should develop an 
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understanding of how each science practice requires a unique set of considerations that scientists 
use to evaluate, interpret, or analyze information (Duschl, Schweingruber, & Shouse, 2007). 
Areas for Future Research 
This study is just a small contribution to the understanding of the relationship between 
teacher cognition and teacher practices. The findings from this study suggest that the goals that 
preservice teachers pursue are a reflection of the context in which they teach and the mediating 
representations they hold. Moreover, these findings suggest that the goals preservice teachers 
pursue influence the cognitive demand of the academic tasks they design. Based on these results, 
there are different venues for future research that can deepen our understandings of the 
development of science teaching practices of preservice teachers. First, future studies should 
explore in more detail the nature of the goals that can result in the design of academic tasks of 
high cognitive demand. In this study, preservice teachers designed academic tasks of higher 
cognitive demand when they pursue learning goals that integrated the use of science practices 
and concepts to develop a deeper understanding natural phenomena and how science works. 
Results from these studies can provide a set of goals that are related to effective teaching 
practices and higher student achievement.  
Second, because the goals that preservice teachers pursue are influenced by the context in 
which they teach, it is important to investigate the knowledge and skills that can help preservice 
teachers bridge the reform-oriented goals espoused by teacher education programs with the goals 
that characterize their student teaching contexts. Finally, if setting goals and reflecting on them 
are two of the teaching practices considered by some as competencies that can help notice 
teachers become more effective over time (Hiebert, Morris, Berk, & Jansen, 2007), it is 
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important to explore which goals can facilitate reflection about their student thinking and 
understanding. 
Conclusion 
In this study, I explored the relationship between mediating, goal, and environmental 
representations and classroom practices. The findings provide supporting evidence for the goal-
oriented model of cognition proposed by Hutner and Mark (2017). The findings suggest that the 
goals that preservice teachers pursue are influenced by their pedagogical beliefs and 
understandings, together with the characteristics of the contexts in which they conduct their 
student teaching. A significant finding in this regard is that the way preservice teachers 
understand the relationship between concepts and practices seems to influence the goals they 
pursue Moreover, the nature of the goals that preservice teachers pursue seems to have an 
influence on the cognitive demand of the academic tasks that they design. The results suggest 
that when preservice teachers set goals to help students understand concepts and how scientific 
knowledge is constructed, they provide scaffolding that helps students engage in high cognitive 
demand tasks. Finally, the context in which preservice teachers conduct their students teaching 
influences the type of scaffolding they provide to support student participation. More research is 
necessary to understand the types of supports and experiences that can help preservice teachers 
pursue goals that can result in the design and implementation of high cognitive demand tasks.
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Appendix A - Student teaching seminar syllabus 
MSTC 4761: Student Teaching Seminar  
 
Standards Covered: 
SKILLS:  S1.1, S1.3, S2.1, S3.2, S3.4, S4.1 
KNOWLEDGE:  K1.2, K2.2, K3.1, K3.2, K3.4 
DISPOSITIONS: D1.1, 2.1, 3.1  
 
Assessments: 
Masters Project Portfolio (edTPA) 
Teacher as Researcher Cases 
  
This course is a seminar about learning to teach science in middle and high schools.  Together we 
will explore issues that make up the daily routine of life in science classrooms.  
 
COURSE OBJECTIVES: 
By the end of the class students will be able to define, comprehend, apply, analyze, synthesize 
and evaluate the following three major learning goals: 
 
What does it mean to teach in an urban science classroom? 
How do you prepare effectively for different forms of instruction? 
How do you get to know, appreciate and assess your students and incorporate what you have 
learned into your planning and teaching? 
 
These objectives will cover six major themes: 
Classroom management 
Nature and Practice of Science 
Culturally relevant teaching and learning 
Curriculum Planning, including technology integration, resources, and assessment 
Parents and Community involvement  
Career Development 
Class Schedule and Part I Task Due Dates: 
 
Dates Tentative Class Topics Assignment Due 
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Jan 19 Introduction to Student Teaching 
Theme: Classroom Management 
-Article summaries described 
-Academic language review 
-Lesson planning tips  
Jan 26 Theme: Classroom 
Management 
Designing a classroom to create a classroom 
community- see handout 
Article Summaries- use graphic organizer 
provided to summarize articles emailed to 
you. 
  
Feb 2 Theme: Classroom 
Management   
-TAR Group Presentation Classroom 
Management 
Feb 9 Theme: Nature and Practice 
of Science 
 
-NGSS- bring to class an explanation for how 
NGSS uses the NOS differently than the 
previous National standards 




Article Summaries- use graphic organizer 
provided to summarize articles emailed to 
you. 
 
Feb 23 Theme: Nature and Practice 
of Science 
  
- TAR Group Presentation Nature and Practice 
of Science 
March 2 Theme: Culturally Relevant Teaching and Learning 
 
 
March 9 Theme: Culturally Relevant 
Teaching and Learning 
 
Article Summaries- use graphic organizer 
provided to summarize articles emailed to 
you. 
 
March 16 Spring Break  
March 23 Theme: Culturally 
Relevant Teaching and 
Learning 
 
TAR Group Presentation Culturally Relevant 
Teaching and Learning 
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Article Summaries- use graphic organizer 
provided to summarize articles emailed to 
you. 
 




TAR Group Presentation Parents and the 
Community 
 
April 13 -edTPA Peer Feedback 
Meeting 
 
Peer feedback- come with suggestions for 
your assigned partner’s work 
April 20 edTPA Upload Day 
(potential for 12 pm start) 
 
April 27 Theme: Career Development 
Mock Interviews 
Cover Letters, Resumes etc 
 
 




I. Weekly Lesson Plan Deposits     40% 
Deposit in Google drive as directed and described, template and instructions will be provided. 
Must be 3-5 lesson plans per week.  Minimum of 12 weeks required. 
 
II. Class participation and attendance   10% 
 
Attendance is required. You may not miss class without first seeking permission from the 
instructor, except for in extenuating circumstances. Students who miss more than two classes 
will fail the course. Students must pass this class in addition to completing a satisfactory student 
teaching experience in order to meet the State of New York certification requirements.  
 
III. Portfolio edTPA classwork    20% 
See syllabus Part II Table for details and due dates. 
 
IV. Weekly assignments    20% 
See Syllabus Part I table for details and due dates. 
 
V. Teacher as Researcher Case   10% 
 
In pairs or groups of three, students will be responsible for creating a “case about science 
teaching.”  Each group will be assigned a case topic which corresponds with one of our topics we 
will cover in class (i.e., culturally relevant teaching), but it will be up to the group to narrow 
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down the topic to something that is interesting and worthwhile exploring. Each group will 
present their case to the class and the class will discuss and debate the issues you present in your 
case to help all of us learn something new about the topic. 
 
So, what exactly is a case (for our class anyway)?  A case is an investigation – teacher research if 
you will – into an aspect of classroom life that draws on the realities of your classroom and the 
knowledge presented in the literature. A case delves into a particularly topic deeply and 
thoughtfully and allows us to understand the topic a little better.  Each case must: 
Draw upon the class readings in an obvious and relevant way 
Be grounded in your student teaching experience 
Include teacher research (i.e., student interviews, innovative assessments, analysis of student 
work) 
Provide the rest of the class an opportunity to explore the topic in a "real world" school-based 
experience. 
 
Each case must also draw upon at least three of the following 5 forms of data: 
Short iMovie of what happened in class 
Samples of student work 
Lesson plan with teaching reflections 
Relevant articles and websites (from Science Teacher, Science Scope, or other practitioner 
focused journal) 
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Appendix B - edTPA mentoring syllabus 
MSTC 4761 





To prepare science education masters students for the New York State mandated edTPA 
teacher assessment portfolio by providing guidance via organized timelines and 
submission dates, peer collaboration, and instructor support. 
 
Assessments: 
 -Weekly lesson plan submissions 
 -Weekly reflections posts 
 -Participation and engagement to create a supportive learning community 
 -Timely submission of each task based on schedule provided 
 -Submission of completed edTPA portfolio on April 20th  
  
Class participation and attendance 
Attendance is required. You may not miss class without first seeking permission from the 
instructor, except for in extenuating circumstances. Students who miss more than two 
classes will fail the course. Students must pass this class in addition to completing a 
satisfactory student teaching experience in order to meet the State of New York 
certification requirements.  
 
edTPA Portfolio: 
This new required NYS assessment is a comprehensive multifaceted teaching portfolio 
that is mandatory and requires a passing score to acquire a NYS teaching certification.   
Failure of the edTPA assessment will lead to delay in certification to teach at any NYS 
and NYC schools.  Resubmission of a new portfolio with new lessons, videos, and 
student work is required to pass.  The components of the edTPA portfolio are 
synonymous to the required work for the Teachers College, Science Education masters 
portfolio for graduation.   
 
edTPA Tasks: 
Task 1: Planning for Instruction and Assessment (Lesson planning) 
Task 2: Instructing and Engaging Students in Learning (Video footage) 




Weekly reflection topics will be provided every Thursday after class on a shared Google 
document.  The reflection response must be posted on the Google doc by Tuesday at 10p 
weekly. 
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Lesson Plans due Weekly: 
Daily lesson plans are required using the lesson plan template provided.  Depending on 
the type of lesson, 3-5 lesson plans should be submitted each week by Wednesday prior 
to class the next day at 10pm.   The lesson plan template was developed based on Task 1: 




Task 2 of the edTPA requires submission of video footage showing teaching ability.  You 
are required to record a total minimum 3 videos (1 per learning segment) that are 25 
minutes length minimum at your placement.  We highly recommend that you record 
multiple videos for several of your lessons (1-3* this translated to 9 videos over time) to 
be prepared for possible teaching and/ or technology hurdles that may arise.  By having 
more footage, it will only help you to have more options for submission clips and 
comments. 
 
From edTPA Handbook (be sure you are using most recent version) 
 
• Obtain required permission for videorecording. Before you record your video, ensure 
that you have the appropriate permission from the parents/guardians of your students 
and from adults who appear in the video. Adjust the camera angle to exclude 
individuals for whom you do not have permission to film.  
 
• Examine your plans for the learning segment and identify challenging learning tasks 
in which you and students are actively engaged. The video clips you select for 
submission should provide a sample of how you interact with students to analyze and 
interpret evidence and/or data they have collected or selected from a scientific inquiry 
and use their analysis to construct and evaluate evidence-based explanations of or 
reasonable predictions about a real-world phenomenon. 
 
• Identify lessons to video record.  
 
• Provide 2 video clips (each no more than 10 minutes in length) that demonstrate how 
you interact with students in a positive learning environment to develop their 
understanding of how to use evidence and/or data and science concepts to construct 
and evaluate explanations of or predictions about a real-world phenomenon. The first 
clip should illustrate how you actively engaged students in organizing and analyzing 
evidence and/or data from a scientific inquiry. Students should be examining the 
evidence and/or data to look for patterns, identify outliers, and/or explore 
contradictory findings. 
 
The second clip should illustrate how you facilitated your students' use of scientific 
evidence and/or data AND concepts to construct and evaluate  
evidence-based explanations of a phenomenon or  
predictions of reasonable outcomes based on patterns in evidence and/or data.  
 
  196 
• (Optional) Provide evidence of students’ language use. You may provide evidence 
of language use with your video clips from Instruction Task 2, as an additional 
video clip of one or more students using language within the learning segment (no 
more than 5 minutes in length), AND/OR through the student work samples 
analyzed in Assessment Task 3.  
 
• Determine whether you will feature the whole class or a targeted group of 
students (minimum of 4 students) within the class.  
 
• Videorecord your classroom teaching. Tips for videorecording your class are 
available from your teacher preparation program.  
 
• Select video clips to submit and verify that the clips meet the following 
requirements:  
o Check the video and sound quality to ensure that you and your students can be 
seen and heard on the video clips you submit. If most of the audio in a clip 
cannot be understood by a scorer, submit another clip. If there are occasional 
audio portions of a clip that cannot be understood that are relevant to your 
commentary responses, do one of the following: 1) provide a transcript with 
time stamps of the inaudible portion and refer to the transcript in your 
response; 2) embed quotes with time-stamp references in the commentary 
response; or 3) insert captions in the video (captions for this purpose will be 
considered permissible editing).  
 
o A video clip must be continuous and unedited, with no interruption in events.  
o If you have inadvertently included individuals for whom you do not have 
permission to film in the video clip(s) you plan to submit, you may use 
software to blur the faces of these individuals. This is not considered editing. 
Other portions of the submitted video clip(s), including the classroom, your 
face, and the faces of individuals for whom you have obtained permission to 
film should remain unblurred. Do not include the name of the state, school, or 
district in your video. Use first names only for all individuals appearing in the 
video.  
 
• Respond to the prompts listed in the Instruction Commentary section below after 
viewing the video clips.  
 
• Determine if additional information is needed to understand what you and the 
students are doing in the video clips. For example, if there are graphics, texts, or 
images that are not clearly visible in the video, or comments that are not clearly 
heard, you may insert digital copies or transcriptions at the end of the Instruction 
Commentary (no more than 2 pages in addition to the responses to commentary 
prompts) 
 
**** Be sure to discuss and model safety for at least 1 min in each clip if applicable! 
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Booking Video Equipment: 
There is a limited video equipment being shared by all of the departments at Teachers 
College.  Bookings will be done on a rolling basis so planning ahead is recommended.  
 
Suggestions: 
-Plan with other classmates that are also doing a placement at the same school so that you 
can share the equipment booked for the week. 
-You may use your own personal video recording equipment but you MUST check with 
the office that lends us the equipment before doing so.  You will most probably still need 
to book the microphone equipment. They can help you figure out your needs. 
-Always download your videos as soon as you can(in your assigned google drive folder).  
This will prevent you from losing your footage and provide more digital space on the 
device for recording.  
 
Student Work: 
Copies of student work should be collected with all lessons/units you are creating, 
teaching, and/or videotaping.  Three levels of student work (low, medium, and high 
quality) should be collected for each unit/ lesson.  Student work must also include the 
rubric/scoring scheme used for grade.  Please cover the students name before making 
copies for your portfolio. 
 
Class Schedule and Task Due Dates: 
Please note- if you fall behind on these assignments, you may jeopardize your ability to 
submit for the edTPA deadline.  If so, we will put you on a probationary list and may 
delay your ability to become NYS certified. We encourage you to keep in constant 
communication so that we may assist you in the process to avoid such an action. 
 
Dates Tentative Class Topics Assignment Due  
Jan 19 -Review edTPA handbook and 
requirements  
-Timelines/ dates  
-Organization of Google drive 
-Technology 
-Distribute video sheets 
-Book equipment 
-Forms of acceptable and 
unacceptable feedback 
- Read and thoroughly understand the 
edTPA handbook and Making Good 
Choices Support Guide 
Jan 26 -Peer feed back on lesson 
plans and context for learning 
-Weekly lesson plan set (3-5 lessons) 
-Weekly reflection post 
-Task 1:A- Context For Learning for 
placement 
Feb 2 -Video taping 
-Downloading   
-Weekly lesson plan set (3-5 lessons) 
-Weekly reflection post 
-Video permission sheet 
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Feb 9 -Editing videos 
-Looking for evidence 
 
-Weekly lesson plan set (3-5 lessons) 
-Weekly reflection post 
-Task 2: A&B- First video clip & 
commentary (25 mins total) 
Feb 16 -Analyzing student learning -Weekly lesson plan set (3-5 lessons) 
-Weekly reflection post 
-Task 3:A- 3 Student work samples & 
rubrics 
Feb 23 -Evidence of feedback/ 
academic language  
-Weekly lesson plan set (3-5 lessons) 
-Weekly reflection post 
-Task 3:B- Evidence of feedback 
March 2 -Task 1 edTPA- Feed back on 
commentary draft.  
-Weekly lesson plan set (3-5 lessons) 
-Weekly reflection post 
-Task 1:E- Draft of planning commentary 
March 9 -Task 1 edtPA- Feed back and 
editing on commentary 
-Weekly lesson plan set (3-5 lessons) 
-Weekly reflection post 
- Task 1:E- Final of planning commentary 
March 16 Spring Break for Teachers College, Columbia University 
March 23 -Looking for evidence on 
video and editing second 
video 
-Weekly lesson plan set (3-5 lessons) 
-Weekly reflection post 
-Task 2: A&B- Second video clip & 
commentary (25 mins total) 
March 30 -Task 3 - Feedback on 
commentary 
-Weekly lesson plan set (3-5 lessons) 
-Weekly reflection post 
-Task 3: C&D- Draft of assessment 
commentary 
April 6 -Task 3- Feedback and editing 
on commentary 
-Weekly lesson plan set (3-5 lessons) 
-Weekly reflection post 
-Task 3: C&D- Final of assessment 
commentary 
April 13 -edTPA peer feedback meeting 
 
-Weekly reflection post 
April 20 - edTPA submission date 
-Celebrate 
-Weekly reflection post 
-All final edTPA Tasks due in Google 
folder and uploaded to Pearson 
April 27 - 
 
-Weekly reflection post 
May 4 Workshop/ TBD 
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Appendix D - List of Prompts for Weekly Reflections  
Week 1: January 19 
Topic: Developing instruction that will lead to students’ scientific understanding. 
Question(s): 
How can your instruction develop scientific skills and processes while deepening your 
student’s understanding of content? 
What can you do to make your instruction sequenced in a learning progression across 
lessons? 
How can you support your students to connect their skills and procedures with 
comprehension of content? 
 
Week 2: January 26 
Topic: Developing instruction that will lead to students’ scientific understanding. 
Question(s): 
What are possible language demands your students may have? 
How can you assess these language demands or challenges your students may have? 
How can you support the language demands for students with varying needs? 
 
Week 3: February 2 
 Topic: Utilizing students’ prior learning and personal/ cultural/ community assets. 
 Question(s): 
Why is it important to use students’ knowledge and background to develop your lessons 
and inform your teaching? 
How can you utilize students’ prior learning and lived experiences into your teaching and 
instruction? 
When creating lessons, what should you include so that they are related to the students’ 
personal, cultural, and community? 
 
Week 4: February 9 
Topic: Planning teaching to support students of varied learning needs. 
Question(s): 
What resources/information will you use to ensure that the lessons are appropriate and 
adjusted to the needs of students with disabilities? 
What can you do to scaffold your lessons for a variety of students (ELL, LD, gifted, 
etc.)? 
How can you identify and address potential misconceptions or partial understanding? 
 
Week 5: February 16 
Topic: Self-Assessment 
Question(s): 
What are 3 accomplishments and learning experiences you’ve had? 
What are 2 items that you feel you still need to work on? 
What is 1 thing that is frustrating or bothering you? 
 
Week 6: February 23 
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Topic: Culturally Relevant Pedagogy 
Question(s): 
What does culturally relevant pedagogy mean to you?  (Please reference the theoretical 
basis of your understanding) 
How does this look in your student teaching placements? 
 
Week 7: March 2nd 
Topic: Has Peer Editing helped you edit your own work? 
Question(s): 
Give 3 specific examples of times when you were helping your peer, noticed something 
in their work that you liked, and subsequently edited your own work. 
Reference the specific document of your peers and also of yours that was edited. 
Have you received suggestions/ideas from classmates other than the peer we assigned 
you?  What characteristics of a peer makes them ‘useful’ to you in terms of bettering your 
practice and also in terms of emotional support? 
 
Week 8: March 9th 
Topic: edTPA support 
 Question(s): 
What are two areas where you feel you still need support in order to draft a satisfactory 
edTPA versus what are two areas where you feel you still need support in order to 
become a better teacher? 
 
Week 9: March 23rd 
Topic: Expectations versus reality 
Question(s):  
Think specifically about your current student teaching placement, your cooperating 
teacher and your teaching in that placement.  
Does the school compare to your expectations for a NYC school?  
Does your cooperating teacher compare to your expectations for a veteran teacher?  
Does your teaching compare to your expectations for your teaching during the student 
teaching period?  If expectations are met, explain why/how they are being met.  If 
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Appendix E - Laura’s Interview Protocol 
 
The main focus of our interview today is to explore the way your understandings about 
learning and teaching science has changed as a result of you graduate experience at 
Teachers College. There are no wrong answers to any of the questions. Everything you 
tell me here is strictly confidential, and you can stop this interview at any point. 
Any questions before we begin? 
 
I would like to start with your experiences as a science learner 
Can you tell me about how you were taught science in school?   
Can you tell me about how you were taught science in college? 
Do you remember the things that you enjoyed the most about learning science? 
 
Now I would like to know more about your experiences teaching science prior to your 
enrollment to the program at TC 
Did you have any experiences teaching science? If so, do you remember how you 
taught back then? 
Tell me about how you came to the decision that you wanted to become a science 
teacher?  
How would you describe how you viewed teaching science before you entered the 
program at TC? How, if at all, has your view of teaching science has changed? 
 
Now let’s talk about your experiences with your mentor teacher 
Could you describe a typical lesson enacted by your mentor teacher?  
How were her/his students interacting with each other? With her/him? 
What do you think were the most effective instructional approaches of your mentor 
teacher. Why do you think these are effective approaches for helping students 
achieve the learning goals for that lesson?  
Can you think of a theory of learning the you learned during the program that can 
explain the effectivity of these approaches? 
Could you describe some of the less effective ways that your mentor teacher used to 
teach science? What if any, were the strengths of these approaches? Why do you 
think they were less effective for helping students achieve the learning goals for that 
lesson? 
If you were to teach that lesson, how would you structure it? What would you expect 
your students to learn from that lesson? 
 
Now let’s talk about your experiences teaching science during this semester….. 
Could you tell me about the challenges you faced?  
Did you find any resources, such as people or documents, that helped you tackle 
these challenges?  
What are your goals for teaching science? In other words, what do you expect your 
students to be able to learn and do? 
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Could you describe a lesson when you felt you were not very effective? Why do you 
think you were not very effective?  
Could you describe a lesson where you felt you were very effective?  
What were the students doing? How are these activities related to learning scientific 
ideas? 
How were your students interacting with each other? With you? 
What makes you think that this was an effective lesson? Can you think of a theory 
of learning that you learned during the program that can explain the effectiveness of 
this lesson? 
Can you describe to me the process through which plan your lessons?  
What are the considerations you have during planning?  
What documents have you found to be very helpful to plan your lessons? 
Could you tell me about how you evaluate the outcomes you expect from a lesson?  
What are the considerations you have during this phase?  
What are the things that excite you the most about the next step?  
Is there anything you would like to ask me?  
 
In week 1, you wrote: In order to develop scientific skills and processes while deepening 
my students’ understanding of content I can prepare students to design and carry out an 
investigation that will help them gain more knowledge about a specific scientific idea or 
phenomenon. 
Were you able to do something like this?  
 How do skills relate to learning scientific ideas?  
You were one of the few PSTs who actually talked about the nature of science. Why 
is this important to you? Why is NOS important to teaching science? Why is NOS 
important to learning science?  
Is there a relationship between what students learn and NOS? 
Is there a relationship between how students learn and NOS? 
 
You also wrote: “I am hoping that the responses will elucidate any misconceptions about 
the nervous system that students have which I can address at the start of the next day’s 
lesson”  
In several of your reflections you talked about the importance of addressing 
misconceptions.  
What are misconceptions for you, how do you use them in your teaching practices, 
why do you think it is important to address them 
How do you address them?  
 
You also wrote: “I am using my time in the school to get to know my students, listening 
to them, and being a present, active person in the classroom. I want to show my students, 
through my words and actions, that the knowledge and experiences that they bring to the 
classroom are valuable, and that I care about their lives and who they are as individuals. I 
like talk with my students before and after class and in the hallway to ask about their day, 
about what they like, what they are thinking”  
Why was it important for you to connect with your students?  
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In week 2, you wrote: “The possible language demands that my students may have is they 
may be English Language Learners, below the reading level for their grade, or they may 
have a reading disability such as dyslexia. Other students may have difficulty speaking 
aloud in the classroom such as if they are very shy or suffer from an anxiety disorder. 
Some students may also have a language or speech disorder and may have difficulty with 
phonology, morphology, syntax, or using or producing language in functional manner”. 
What about students who don’t have any of these disorders.  
What are the language demands for science in particular? 
 
In week 3, you wrote: “Using students’ knowledge and background to develop my 
lessons and inform my teaching is beneficial in that it provides a foundation for student 
learning based on what they already know, rather than trying to fill students with 
information arbitrarily. This concept is the basis for constructivist teaching and can allow 
my students to be more active learners”.  
Can you talk a little bit about constructivist teaching?  
What does it mean to you, and how is it related to students being more active 
learners? 
 
In week 9, you wrote: “As a new teacher, particularly in the beginning during the nervous 
system lessons, I noticed that my lessons were less constructivists and more traditional 
because I was relying on how I had been taught. After I noticed this, I tried to do a better 
job at matching what I wanted to accomplish based on what I believe is good teaching 
with what actually happened in the classroom”   
What is a constructivist lesson for you?  
How does it look like in the science classroom? 
 
In several of your lesson plans, you have included to have a classroom discussion at the 
activity but due to time limitations, these conversations did not take place.  
 
For the lesson about the structure of DNA, you started with a TED-ed talk about Rosalind 
Franklin: DNA unsung hero.  
Why did you decided to do it that way?  
Why was it important for you to talk about this female scientist with your students? 
What was your goal with this? 
Why do you think you should cover the nature of science and why do you think this 
is a good way to do so?  
 
In that same lesson, you covered the structure of DNA. First you started with direct 
instruction and then you have students building their DNA structures.  
What was your goal with this activity? 
Why did you use candies?  
How could that help them achieve the learning goals you aimed for? 
Why is modeling important for students to learn science? 
I feel you used this lesson structure in several of your videos. Was there a rationale 
behind it?  
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In the vaccination lesson, in which you had students writing a persuasive essay,  
What would you say was the goal of writing the essay?   
What was your goal with the articles you provided for them to read?  
Some students actually wrote arguments supporting the anti-vaccination position.  
How did you feel about that?  
 
Another example of this lesson structure is the circulatory system one. For the heart rate 
activity, you had a lab activity in which students had to measure their heart rate, then 
make hypothesis and graph their results. 
What was your goal with this lab activity? 
Why do you think this can help students learn science? 
Where did you get the handouts from? 
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Appendix F - Tessa’s Interview Protocol  
 
The main focus of our interview today is to explore the way your understandings about 
learning and teaching science has changed as a result of you graduate experience at 
Teachers College. There are no wrong answers to any of the questions. Everything you 
tell me here is strictly confidential, and you can stop this interview at any point.  
Any questions before we begin?  
 
I would like to start with your experiences as a science learner 
Can you tell me about how you were taught science in school?   
Can you tell me about how you were taught science in college? 
Do you remember the things that you enjoyed the most about learning science?  
 
Now I would like to know more about your experiences teaching science prior to your 
enrollment to the program at TC 
What is your bachelor’s degree in? Your master’s degree? 
Tell me about how you came to the decision that you wanted to become a science 
teacher?  
How would you describe how you viewed teaching science before you entered the 
program at TC? How, if at all, has your view of teaching science has changed? 
 
Now let’s talk about your experiences with your mentor teacher 
Could you describe a typical lesson enacted by your mentor teacher?  
How were her/his students interacting with each other? With her/him? 
What do you think were the most effective instructional approaches of your mentor 
teacher? Why do you think these are effective approaches for helping students 
achieve the learning goals for that lesson?  
How would you describe your relationship with your mentor teacher?  
In terms of planning, how much freedom did you have?  
 
Now let’s talk about your experiences teaching science during this semester… 
Describe a typical lesson in your science classroom.  
Tell me about your students… 
What are some of the strengths of your students? 
What are some of the challenges your students face in and out of the classroom? 
What are the biggest challenges you face in teaching science to diverse urban 
students in NYC? 
Do you see your Latino students as being different/having different needs than other 
students in your classes? 
How important do you think it is for teachers to learn about the different cultures 
and backgrounds of their students? 
How is a good science education going to benefit your students in their lives? 
What are some of the areas you feel you need support in to teach science effectively 
to all students? 
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Could you tell me about the challenges you faced? Did you find any resources, such 
as people or documents, that helped you tackle these challenges?  
What are your goals for teaching science? In other words, what do you expect your 
students to be able to learn and do? 
Could you describe a lesson where you felt you were very effective?  
What were the students doing? How are these activities related to learning scientific 
ideas? 
How were your students interacting with each other? With you? 
What makes you think that this was an effective lesson? Can you think of a theory 
of learning that you learned during the program that can explain the effectiveness of 
this lesson? 
Can you describe to me the process through which plan your lessons?  
What are the considerations you have during planning?  
What documents have you found to be very helpful to plan your lessons? 
Could you tell me about how you evaluate the outcomes you expect from a lesson?  
What are the considerations you have during this phase?  
 
In week 1, you wrote this (responding to the prompt: How can your instruction develop 
scientific skills and processes while deepening your student’s understanding of content?): 
When it comes to allowing students to develop scientific skills while deepening content 
understanding, I think variety of lesson types will be best. There may be times when the 
lesson is more about discussion of a phenomena and misconceptions but there also may 
be a lesson dealing with mathematical technicalities of the content. I think as long as the 
students are provided with a variety of lesson types that allow them the opportunity to 
practice their scientific skills, the students will develop their skills further. 
What are some examples of these scientific skills?  
You also wrote: A variety of lesson types to allow students to develop scientific skills 
while deepening content understanding.  
Can you expand on this? 
In your view, how are scientific skills are related to learning scientific content?  
 
In week 2, you wrote this (responding to the prompt: What are possible language 
demands your students may have?): 
“Students may have the language demands of being an ELL, learning disabilities, or lack 
of exposure to science thus lack of content literacy”.  
What do you mean by science content literacy?  
 
In week 3, you wrote this: 
I think the biggest benefit to utilizing a student’s prior knowledge and background is 
being able to identify misconceptions and gaps in a student’s knowledge. There may be 
times when this ends up being a lot of information to cover or very small gaps to cover. 
Either way, the student will be able to learn material more fully and cohesively if the 
material doesn’t clash with misconceptions 
What do you mean by this?  
 
Then you use this example: 
  210 
For example, if a student in a science class lacks math skills, the teacher must realize this 
and provide additional scaffolding for the student in order to complete the science task. If 
a student doesn’t understand that a rate of production can be related to a slope of a graph, 
the teacher may bring in extra worksheets and handouts to scaffold to a more advanced 
understanding of slope. 
In this example, what is the relationship between the lack of math skills and the 
content to be learned? 
 
In week 5, you wrote this: 
“One accomplishment I thought I had of the week was that I was able to run a lab semi-
successfully. This was partially due to the fact that it was a fairly straight forward lab 
with an easy application (Benedict’s solution and testing different foods.) One thing that I 
thought was successful for me was actually drawing out the procedure instead of just 
having it written on paper. I think drawing it out on the board gave students time to 
process and imagine what they were going to be doing as well as ask questions if they 
were confused. I did feel like I could have interwoven the different parts of the lab a bit 
more clearly to bring everything to the purpose of testing foods but I thought overall, 
things did go more smoothly than expected”  
What was the goal of the lab activity?  
What do you expect students to learn from these types of activities?  
 
In this class, you began by explaining that iodine turns black in the presence of starch, 
and that has to do with the shape of the starch molecule and the shape of the iodine.  
You focus on the structure and function here and in other lessons. Why is this an 
important focus for you?  
 
In week 6, you wrote this: 
Culturally relevant teaching is a pedagogy that simply means a curriculum that has 
foundations in both content and in the students’ personal interests and environment. That 
may mean bringing current events or bringing in a hobby of the students as a relevant 
topic. 
Can you expand on this?  
 
Additionally, it stems from the articles for CRT and from my knowledge of the nature of 
science. Part of the nature of science is that it is socially and culturally embedded. 
Culturally relevant teaching also means teaching students that the content is socially 
embedded. It is getting them to recognize that there is a human side to science that 
motivates it. It’s about bringing cultural relevance to a topic to facilitate connections 
between the science and students. 
Do you see a relationship between CRT and NOS? 
Is there a relationship between what students learn and NOS? 
Is there a relationship between how students learn and NOS? 
 
On you class of March 24th, about the differences between prokaryotes and Eukaryotes, 
you also talked about the contributions of Lynn Margulis.  
Why did you decide to focus on this scientist, Lynn Margulis? 
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Why do you think it was important to talk about that during the lesson?  
 
In that lesson’s worksheet, you had the next prompt: 
“We learned about Lynn Margulis and watched the preview of Hidden Figures. What do 
these examples of under-recognized scientists tell you about the nature of science? How 
is science viewed by society? How do you think science has changed throughout the 
years?” 
What were you trying to get at with this? 
Why is it important to learn about the nature of science?  
Which view of the nature of science do you want your students to develop? 
How can your instruction help students develop this view?  
 
In this class you also had students analyzing data  
What was the goal of having students analyzing data?  
Why is this important to learn science and the concept at hand?  
 
I noticed you tend to start your lessons with a question, during the do now, with a 
question. Why do you do this?  
What is your goal with these questions?  
How do you plan these questions?  
 
In some of the lesson plans you also include this:  
“Theory: Constructivist teaching says group work provides students with better learning 
opportunities. Therefore, the lab stations are set up in partners. Additionally, more 
application is brought into the discussion of osmosis to bring the lesson more in line with 
engineering design practices”.  
How does constructivist help students learn science better?  
Why is group work beneficial for learning science?  
What do you expect students to do during lab work?  
 
In your classes you tend to have a format in which you had students working on 
something and then you would have a lab activity.  
What would you say was the rationale behind this format?  
 
In the class for 3.13, students had to look for information regarding important events in 
the evolution of life on earth.  
What was the purpose of having students analyzing this sources of information 
What was your goal with this activity 
Why do you think it was important to help students engage in this activity? 
 
Finally, in one of your last classes about the relationship between cell size and diffusion, 
you had students measure cubes to obtain data.  
What was the goal of this activity? 
Why do you think students should analyze data in the science classroom? 
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Appendix G - Philip’s Interview Protocol 
 
The main focus of our interview today is to explore the way your understandings about 
learning and teaching science has changed as a result of you graduate experience at 
Teachers College. There are no wrong answers to any of the questions. Everything you 
tell me here is strictly confidential, and you can stop this interview at any point.  
Any questions before we begin?  
 
I would like to start with your experiences as a science learner 
Can you tell me about how you were taught science in school?   
Can you tell me about how you were taught science in college? 
Do you remember the things that you enjoyed the most about learning science?  
 
Now I would like to know more about your experiences teaching science prior to your 
enrollment to the program at TC 
Did you have any experiences teaching science? If so, do you remember how you 
taught back then? 
Tell me about how you came to the decision that you wanted to become a science 
teacher?  
How would you describe how you viewed teaching science before you entered the 
program at TC? How, if at all, has your view of teaching science has changed? 
 
Now let’s talk about your experiences with your mentor teacher 
Could you describe a typical lesson enacted by your mentor teacher?  
How were her/his students interacting with each other? With her/him? 
What do you think were the most effective instructional approaches of your mentor 
teacher? Why do you think these are effective approaches for helping students 
achieve the learning goals for that lesson?  
Can you think of a theory of learning the you learned during the program that can 
explain the effectivity of these approaches? 
Could you describe some of the less effective ways that your mentor teacher used to 
teach science? What if any, were the strengths of these approaches? Why do you 
think they were less effective for helping students achieve the learning goals for that 
lesson? 
If you were to teach that lesson, how would you structure it? What would you expect 
your students to learn from that lesson?  
 
Now let’s talk about your experiences teaching science during this semester… 
Could you tell me about the challenges you faced? 
Did you find any resources, such as people or documents, that helped you tackle 
these challenges?  
What are your goals for teaching science? In other words, what do you expect your 
students to be able to learn and do? 
Could you describe a lesson when you felt you were not very effective? Why do you 
think you were not very effective?  
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Could you describe a lesson where you felt you were very effective?  
What were the students doing? How are these activities related to learning scientific 
ideas? 
How were your students interacting with each other? With you? 
What makes you think that this was an effective lesson? Can you think of a theory 
of learning that you learned during the program that can explain the effectiveness of 
this lesson? 
Can you describe to me the process through which plan your lessons?  
What are the considerations you have during planning?  
What documents have you found to be very helpful to plan your lessons? 
Could you tell me about how you evaluate the outcomes you expect from a lesson?  
What are the considerations you have during this phase?  
What are the things that excite you the most about the next step?  
Is there anything you would like to ask me?  
 
 
In week 1, you wrote this: 
Teaching scientific literacy - and allowing your students to leave the classroom being 
able to engage and analyze all types of information that they will be presented with and 
forced to make a judgment on - requires a teacher to balance the development of both 
skills and content knowledge, which can be pretty tricky. I think the biggest asset in 
instruction planning towards maintaining this balance is spending the time to plan out 
good “engagement” activities at the beginning of a lesson. In practice, engaging the 
students can focus more on using scientific analytical skills to look at aspects of a 
scientific concept (or even a social concept) that is more relevant and connects more with 
the students; later, this skill can be coupled with the learning of scientific content in the 
same or subsequent lessons. 
What are these analytical skills? 
How do these analytical skills relate to learning scientific ideas?  
How is engagement related to the use of scientific analytical skills?   
 
You also wrote this: 
Connecting skills to the comprehension of content can be reinforced using different kinds 
of activities that engage with different types of learners and different levels of Bloom’s 
Taxonomy. Addressing the same content topic from different angles will allow students to 
solidify their knowledge of that topic while reinforcing all types of analytical skills 
needed to develop their scientific literacy. 
What is scientific literacy for you? 
 
In week 2, you wrote this: 
…with Beacon’s Project-Based Assessment model and my cooperating teacher’s past 
experience teaching 10+ years at LaGuardia High School (meaning she and her students 
excelled with creative biology projects), we have more flexibility in the products the 
students must create for assessment; therefore, students can show their engagement and 
command of scientific language through different modalities, and if one way (such as a 
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test) does not work well for a student, we can assess them in a more holistic and different 
way to further probe their grasp of scientific language. 
What do you mean by a grasp of scientific language? 
How does assessment tell you students have a grasp of scientific language?  
 
You also wrote this: If we do not take the time to consider students’ knowledge, 
background and interests in our lesson planning and instruction, there will inherently be a 
disconnect between us and our students. 
What do you mean by this?  
 
In week 3, you wrote this: 
“For example, after doing quick Think-Pair-Shares throughout the instruction of my 
“Third Line of Defense” lesson today, the students will then apply what they are learning 
to create a “storyboard” illustrating a particular immune response in their table groups. 
Lastly, I try to not let too much time pass (5-10 minutes) before the students have to do 
an activity - whether that is a class poll, a think-pair-share, or a read-aloud. 
What was the goal, in this lesson, to construct the story board?  
Why is this important to help students learn science? 
Why do you think it is important to have an activity like this to learn science? 
 How do you usually decide when is a good time for an activity? 
 
In week 4 you wrote this: 
I often feel that I am learning all of these wonderful ideas at TC about how to create a 
constructivist classroom and how to develop a space that is conducive to the practice of 
the nature of science, but implementing those ideas seems to require “taking over” a 
classroom culture and that seems to overstep the bounds of my student teaching position. 
For example, I really want to incorporate music into my lessons but I feel that would be 
negatively received by my cooperating teacher 
What is a constructivist science classroom? 
What do you have in mind when you talk about a space conducive to the practice of 
the nature of science 
What elements from your teacher classroom culture bothered you 
What would be your goal of using music, and how would that relate to a 
constructivist classroom or the nature of science? 
 
You also wrote this:  
I want to teach depth-not-breadth, but my teacher has a set list of topics she wants the 
students to encounter. I want to take a lesson to fully delve into defining the Nature of 
Science so that students can reference this throughout other lessons, but this is not in my 
cooperating teacher’s plan and she fears that a lesson of this type would be too abstract 
for the students to take away something concrete from the lesson (this is an important 
goal of hers for each lesson that I do not feel this goal applies to every lesson) 
What do you mean by teaching depth-not-breadth? 
How does the nature of science relate to how students learn and what students 
learn?  
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In week 6, you wrote this:  
“To me, culturally relevant pedagogy/teaching (CRT) means using student background 
and experiences to inform teaching practices and in a sense, doing the work to meet your 
students where they are. It requires effort on the teacher's part to do the work to analyze 
how the students interact, what the students are interested in, and what they require to 
succeed on a daily basis. It's determining the needs of students, taking into account the 
many factors in their lives…. 
How does this inform your teaching science?  
 
You also wrote this:  
However, oftentimes my cooperating teacher (and her coworkers) will blame the students 
for not understanding a topic and complain about and refuse to do the work to meet the 
kids where they are. For example, they talk about how students aren't motivated to do the 
work to look up an assignment they post online or that students tend to skim directions 
instead of reading them thoroughly, but they do not think about why that is…… The 
work to look at how students interact and communicate today and use that to inform 
instruction is not happening in this case, and that has been frustrating to see (especially 
when they loop me in with the "millennials"). 
Why is this bad?  
 
In week 8, you wrote this: 
Another thing that I need to improve on to become a better teacher is my culturally 
relevant practice. I found last week’s discussion in class on what this means to be really 
interesting and eye-opening; seeing CRT as simply “meeting students where they are 
each day” rather than “developing rapport by complementing their shoes” or “trying to 
connect the material to the students’ everyday interests by making something a word 
problem about the neighborhood rather than a straightforward assignment” has pushed 
my reflection on my teaching to the next level. 
What is the difference between both, and how does CRT make you a better teacher? 
 
For the Vaccines and B-T cells lesson… 
The focus is on the functions and importance of B and T cells. There is also a 
consideration of the importance of vaccines, the development of antibiotic resistance at a 
global scale, and the HIV/AIDS epidemic.  
The students had to make interpretations about the graph. This required paying attention 
to the interaction of antibody concentration and time. 
What was the goal of having students analyzing a graph in this context? What were 
you expecting students to get out of that activity? 
You also had students working in pairs or groups. Why did you do this? Why is this 
important to learn science?  
 
Regarding the Nature of Science: 
This was a questionnaire (agree/disagree) that took place at the beginning and end of the 
class where students gave their opinion about four prompts related to the nature of 
science. There was no discussion after the questionnaire was finished, although it seems 
  216 
that one of the goals of P was to help students change their opinions about these prompts 
by the end of class.  
What was the goal of this questionnaire? 
What was the goal of this lesson in relation to NOS 
Is there a relationship between students’ understanding of NOS and the way they 
learn science? 
 
Regarding the Cell cycle and cancer lesson… 
Students were asked to use the contextual elements (molecules present, the chronological 
order of cell division, etc.) in order to make their inferences, and as a result, the model 
evolved in each iteration.  
Why did you do this modeling activity in this way? 
Did you have time to discuss with the students the characteristics of models and the 
role of modeling in science? 
 
Regarding the Electrophoresis gel class and demo lesson… 
Why did you pick this lesson? 
What was the goal of having students solving this “mystery”? 
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Appendix I - Informed Consent 
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